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Abstract 
FACTORS AFFECTING EPITHECAL GROWTH LINES IN FOUR CORAL 
SPECIES, WITH PALEONTOLOGICAL IMPLICATIONS 
by 
Jean-Luc Lienard 
The number of epithecal (external) growth lines was 
surveyed over 124 days for Montastrea annularis growing at 
different depths (3.5 m to 61 m). There was a significant 
(P < .01) decrease in the number of lines with depth. 
Although the linear regression is significant, there is 
evidence for a logarithmic or quadratic relationship, and 
more data from greater depths are needed to determine which 
of these gives a better fit. 
The number of growth lines formed during light-dark 
cycles of 16, 24 and 32 hours were compared for 
M. annularis, ~- cavernosa, Porites astreoides and Tubastrea 
aurea. The variability among colonies from the same species 
was in many cases more significant than that among light 
treatments. This is a serious problem for anyone counting 
lines in corals, especially from a few specimens; therefore 
conclusions based on such counts seem hazardous on fossil 
corals for which the environmental factors are unknown. 
For ~- annularis, the number of lines increased with the 
frequency of the light cycle. 
When tested under bright and dim light conditions, 
linear growth was dependent on the amount of light, but 
unaffected by light-dark periodicity. Results for the other 
species were not conclusive, possibly due to smaller sample 
size. 
Opening and closing of the polyps was related to the 
light vs. dark phase of the light cycle, but appeared 
unaffected by a change in length of the cycle. 
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The following technical terms are often used in this 
work: 
Annulations: "Prominent annular ridges related to seasonal 
variations in growth rate" ( Pannel la, 19 7 5) . 
Daily increment: "A set of growth layers and growth 
lines that have been proved to represent one day's 
shell deposition" (Pannella, 1975). 
Epitheca: Sheath of skeletal material protecting the 
external (lateral) wall of a coral. 
Growth lines: "Abrupt or repetitive changes in the character 
of accreting tissue" (Pannella, 1975). 
Periamphidal lappet: Fold of tissue, highly mobile, lapping 
over the growing edge of a coral and responsible for 
the growth of the epitheca (Barnes, 1971). 
Ridges: External (topographical) structures found on the 
epitheca, corresponding to variations in growth 
(Rosenberg, 1975). 
Whitfield (1898) noticed regular undulations on the 
external surface of Acropora ~~ata and relate d them to 
periodic temperature changes. Since then, many authors have 
tried to decipher the information recorded in coral growth 
structures. Barnes (1971, 1972) showed how the daily 
e xpansions and contract i ons of the pe riamphidal lappe t ar e 
1 
2 
responsible for the for ma ti on of the min or ridges found on 
the epitheca. His results have been used to support Wells' 
(1963) assumption that the minor ridges existing on the 
epitheca between two major annulations represent daily 
increments. 
The cause of the minor ridges found on both modern and 
fossil corals seemed clear, and the new science, sclerochro-
no logy (i.e. , chronology using Scleractinia) [Hudson et al., 
1976; Beauvais and Chevalier, 1980] gained recognition. An 
early shift in interest from the study of external growth 
lines to the study of skeletal bands seen in X-ray radio-
graphy1, has led some to believe that Wells' (1963) 
conclusions (reviewed by Scrutton, 1964, 1970; Runcorn, 
1966; Lamar and Merifield, 1966, 1967a,b; and Wells, 1970) 
were valid and not in need of further research. Actually, 
that shift merely reflects the frustration experienced by 
those working with external growth lines. Pannella (1975) 
s urns i t up w e 11 when h e s a y s : 
"From the available pictures (Barnes, 1971) it 
seems that at least a single and a double ridge 
type are present on the epitheca of Montastrea 
annularis. This fact immediately arouses some 
suspicion that the early interpretation of 1 
ridge = 1 day could have been naive and that the 
published figures from corals may be erroneous. 
Hipkin [1972] could not eliminate the subjectivity 
1e.g., Buddemeier et al., 1974; Buddemeier, 1974; Dodge and 
Vai~nys, 1975; Weber et al., 1975. 
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in identifying growth ridges; as an example of how 
drastic the bias could be he mentions that he 
counted 253 and 359 ridges in the same specimen at 
different times. The difficulty of separating 
disturbances from daily ridges, the obvious 
discontinuity of the record, and the lack of 
internal growth patterns, together, at this point, 
make the use of corals as palaeontological clocks 
certainly problematical, if not impossible. 
Undoubtedly, before discarding them, more work 
should be done on both living and fossil corals". 
Because of their paleontological and philosophical 
implications, Wells~ papers (1963, 1966) are still used 
as if they were unbiased (Beauvais and Chevalier, 1980; 
Gould, 1979), even though Gould is very much aware of the 
fundamental question of what phenomenon is actually recorded 
by the growth lines. Buddemeier and Kinzie (1975) warn 
against the temptation of seeing "pseudo-periodicity" in 
patterns that might simply be coincidental. 
In response to the injunction of Pannella given above, 
the purpose of this study was to further investigate the 
meaning of the fine ridges. Emphasis was placed on some of 
the physical parameters that change with depth of growth and 
might modify the number of minor ridges produced during a 
given period. Both light and depth have been studied. Some 
behavioral features that could either affect the number of 
growth lines or be different in some palaeoenvironments were 
also surveyed. 
CHAPTER ONE 
TECHNIQUES FOR THE STUDY OF EPITHECAL RIDGES IN 
M. annularis AND OTHER CORAL SPECIES 
I. INTRODUCTION 
Although different staining procedures have been used 
to measure coral growth, none seem to work satisfactorily to 
mark growth ridges on the epitheca (Barnes, 1971). Two 
major concerns in using stains are: a) their potential 
toxicity or effect on the metabolism, and b) the high stain 
concentrations or long staining time required, which spread 
the stain over a wide band, reducing resolution. Bevelander 
(1963) showed that using Tetracycline as a stain reduces the 
size of shell crystals in molluscs, whereas Dodge et al. 
(1984) showed that Alizarin Red decreases coral growth for 
up to 10 days. To circumvent the problems inherent to 
staining, I developed a physical marking technique. 
Secondly, this chapter describes a cleaning method and 
evaluates its efficiency. This was necessary because 
epithecal growth lines are often obscured by encrusting 
organisms (Barnes, 1971). 
Finally, I report development of criteria for line 
counting, then evaluation by a blind count analysis. In 
their study of Bivalves, Pannella (1975) and Crabtree et al. 
(1980) have shown how subjective line counting can be . 
4 
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II. MATERIALS AND METHODS 
A. Choice of organisms 
I selected 3 species of corals in Puerto Rico that 
displayed good growth ridges on the epitheca. The main 
criteria in my choice were ridge distinctness and colony 
growth in a plate-like form. Other criteria used were 
species abundance, occurrence over a large depth range and 
ease of filing. Several species that qualified by these 
criteria were nevertheless rejected on other grounds. For 
example, Agaricia ~- had a skeleton so hard that they could 
barely be drilled or filed, and their lines were superim-
posed on some other kind of skeletal undulations deeply 
marking the upper surface of the colonies and obscuring the 
growth lines. 
I used Montastrea annularis (Ellis and Solander) since 
it is very abundant and grows from sea level to about 100 m, 
M. cavernosa (Linnaeus) for the distinctness of its ridges 
and the large size of its polyps, and Porites astreoides 
Lamarck for its fast growth and recovery after injuries. A 
non-symbiotic (Buddemeier and Kinzie, 1976) [=ahermatypic] 
species was a 1 s o used with the idea of s tu dying the e f f e ct 
of light periodicity. Since non-symbiotic corals do not 
harbor zooxanthellae, it is expected their response to light 
will be different from the symbiotic corals. Tubastrea 
aurea was chosen for its size and its local abundance, 
although like most non-symbiotic corals it does not form 
plate-like colonies. 
B. Filing technique 
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I used a physical marking method similar to the filing 
technique used by Pannella and Mcclintock (1968) for 
bivalves. However, because coral growth ridges are only 
epithecal (superficial) corrugations and because they are 
often intermixed with encrusting organisms (e.g. , bryozoans, 
algae and serpulid worms), they could not be studied in 
cross-section. Rather, I filed several V-shaped marks on 
the edge of the colonies (see Fig. la). Each mark was made 
at right angles to the growth lines, using a fine triangular 
carborundum file, while holding the piece of coral by the 
end away from the edge. To insure uniformity between the 
marks, I used the same triangular file throughout the study. 
The depth of the notch was fairly constant and equal to the 
width of the file (5 mm). 
c. Specimen preparation 
At the end of the experimental growth period, which 
ranged f ram 3 weeks to 3 months, the cora 1 s were put in 
fresh water for a few hours to a day to kill the polyps. 
The soft tissue was removed from the skeleton with a water 
7 
Figure la. Portion of a plate-like colony (M. annularis) 
(x .75), showing the position and the size of-the file 
marks. 
Note the position of the tagging hole (hatched circle), 
serving as reference point to locate the file marks. 
Figure lb. Diagram of the growth lines found on the new 
epitheca formed in the file mark (approximately x 20). 
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pick. The skeleton was put in a dilute bleach solution 
for several hours, then rinsed, dried in the sun and left 
overnight in an oven at 120° c. 
Al 1 specimens that: 1) appeared "sick" at the end of 
an experiment, 2) were seriously broken during cleaning, 
3) were overgrown with algae, bryozoa or worm tubes, or 
4 ) that grew 1 es s than one ha 1 f of the mean growth , were 
eliminated from the analysis. 
The remaining specimens were prepared for microscopic 
observation and macrophotography by: 
1) Removing most of the incrustations (Bryozoa, 
algae and tube worms) by gently scraping the 
epitheca with dental tools or a toothpick; 
9 
2) Removing the skeleton adjacent to and covering 
the proximal part of the mark (i.e., where the new 
growth began) to expose the first new lines (done 
by drilling through the old epitheca with a 
Dreme 1 too 1); 
3) Placing the specimen in an ultrasonic cleaning 
bath for 5-7 min if the lines were stil 1 covered 
by algae or Bryozoa; 
4) Etching with O.lM EDTA (for 30-60 sec followed 
by thorough rinsing) those specimens having 
indistinct ridges, to enhance their relief. 
10 
The specimens for light microscopy were stained with 
Kodak Opaque Black (or occasionally with Feigel's aragonite 
0 
stain) then dried at 85 C and coated with a thin layer of 
ammonium chloride to further enhance the ridges. The 
specimens for electron microscopy were mounted on aluminum 
stubs and coated with gold-palladium in a sputter-coating 
unit ISI PS-2 for 3 minutes (1.2 kV, 40 mA). 
To assess damage produced by handling and cleaning, 6 
pieces of ~- annularis (from 2 colonies) were brought to the 
laboratory, left on a water table to acclimate for 5 days, 
then filed and put back on the water table for 2 weeks. The 
six pieces were then divided into 3 groups, each group 
receiving a different cleaning procedure. Group 1 received 
"normal handling" (i.e., treated as specimens collected from 
the reef, cleaned as described above and cut into samples 
with a rock saw). In group 2, the pieces were removed very 
carefully from the water table and put in a plastic bag in 
fresh water for 1 day, then water picked very gently before 
drying and cutting w it h the rock saw . The spec i mens in 
group 3 were removed from the water table, rinsed with fresh 
water and put directly in a dilute bleach solution for 10 
hours, then water picked before drying and cutting. Later, 
the 6 pie ces were mounted on aluminum stubs and coate d with 
gold-palladium to be observed with SEM. 
D. Pictures 
To re cord the 1 in es i n a permanent f or m , I u s e d 
three methods: macro- and micrographs, camera lucida 
drawings and SEM (scanning electron microscopy). 
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I drew the lines from some specimens using a camera 
lucida (drawing tube) mounted on a Nikon stereomicroscope 
SMZ-10 lighted by a Nikon MK2 fiber optic illuminator. This 
method enabled me to focus up and down and to tilt the 
specimen to maintain a horizontal surface. It took care of 
the problem of high depth of field and of deep grooves often 
encountered. 
The major difficulty encountered in photomacrography 
(using an Olympus OM-2 camera with a 25 mm macro-lens) was 
the smal 1 depth of field in comparison to the relief of the 
specimens, which required the patching of several prints per 
specimen. Another potential source of error was the very 
low angle of illumination required to get enough contrast on 
the prints. Some lines disappeared from the picture if they 
were located in a deep groove. One way to circumvent this 
problem was to take several pictures of the same spot under 
various lighting conditions, but this resulted in tedious 
counting since one had to look at several prints at the same 
time! 
Micrographs, taken through a Nikon SMZ-10 stereornicro-
scope, had similar problems and could not be used. 
12 
SEM was used to distinguish between different 
categories of lines. A magnification of 150x to 400x was 
sufficient for that purpose. However, due to the low 
emissivity of the epitheca, higher magnifications could not 
be achieved without a great loss in resolution, and this may 
be a problem for further studies requiring more details. 
E. Line study 
At the time the pictures or drawings were made, each 
specimen was assigned a random number to prevent bias. Al 1 
the counts were made and the study of the lines done without 
knowing the provenance of the specimens. 
I recorded the three kinds of lines visible on the 
macrographs and the camera lucida drawings as follows 
(Fig. 2): 
distinct major lines 
lines with the same relief as the major 
ones but that were not continuously 
traceable 
minor lines, with low relief, often seen 
only sporadically. 
Because the categories of lines seen in SEM seemed to 
differ from the ones observed in light microscopy, five 
criteria were used to "identify" the major lines. The major 
lines: 1) had high relief, 2) could be traced laterally 
(usually through the whole picture), 3) generally had a 
13 
Figure 2. Photomicrograph of growth lines in M. annularis 
with camera lucida drawing superimposed on the-growth lines 
major lines 
questionable major lines 
minor lines 
See text for explanation of the terms. 
14 
corrugated profile, 4) included or were separated by finer 
lines and 5) usually had a repetitive pattern. 
F. Variability in the counts 
Counting growth lines in corals is subjective. To 
determine how much so, blind test counts made by several 
individuals were compared. 
15 
Eight persons counted the lines from the same 
photographs: two teachers who work with corals and bivalves, 
a graduate student who was working with growth lines, four 
graduate students working in other areas of biology, and 
an undergraduate student from another department. All 
observers recorded lines from 14 macrophotographs. They 
were given both written and verbal instructions before 
starting. They were asked to follow the order of the 
pictures and to record the time spent on each picture. One 
week later, each observer repeated the counts without seeing 
his previous counts. 
Unbeknown to the observers, the 14 pictures came from 
4 specimens of M. annularis, representing 11 file marks, 3 
different enlargements of the same mark and 5 different 
marks from the same specimen. The different pictures from 
the same specimen were ordered so that they were not 
consecutive. 
16 
The instructions given were: 
1) count the ridges from the bottom of the file mark to the 
edge (outer part) or to the "stop" mark; 2) always count a 
maximum number of ridges, being careful to look at the whole 
picture to see the ridges missing at one place but present 
at another one; 3) be especially careful to count all the 
ridges when you find patches of overgrowth; 4) look for the 
spot on the edge where the coral put the very last ridge, 
but never go beyond the area adjacent to the mark you are 
counting; 5) respect the order of the pictures so as to 
allow consistent comparisons between the different counters; 
6) when there are two marks on the same picture, make the 
counts separately according to the order of the letters, to 
avoid bias; 7) finally, do not look at your preceding 
counts when you start another one. 
An a 1 y sis of var i an c e was used to test the di f fer enc e 
in number of lines among observers and the difference in 
n umber o f 1 in es among the four f i 1 e marks on the s am e c or a 1. 
The first and second counts given by each observer were used 
in separate analyses, as were their mean and maximum values 
(see Appendix 1 for details). 
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III. RESULTS AND DISCUSSION 
A. Filing technique 
Filing the edge of a colony is presumably deleterious 
to the coral. However, the alternate marking method of 
placing a colony in a stagnant environment of stain for 
several hours is also harmful (Dodge et al., 1984). The 
file mark is very small in relation to the colony size. One 
mark destroys at most 2 polyps in ~- cavernosa, 3 polyps in 
M. annularis and 5 polyps in ~- astreoides. 
I determined the time required for ~- annularis 
colonies growing from 2 to 32 m depth to recover from the 
filing by collecting colonies at several intervals after 
filing. In those collected the second day after filing, new 
lines on 2 of the 11 colonies from 10 m were observed. By 
the fifth day 4 of the 11 colonies had a minimum of five 
lines. By the seventh day, 7 colonies from 10 m had visible 
lines, and all colonies observed on day 12 had lines. 
The dissection scope likely gave an underestimate of 
number of lines, as can be noted for the specimens observed 
in light microscopy and in SEM (Appendix 2). 
So it was assumed that most colonies started forming 
new lines within 2 to 7 days. Moreover, it seemed that when 
they started adding new lines, they had tended to "make up" 
for the lines they would have laid down if they had started 
on the first day after filing (if indeed they put on one 
18 
Figure 3. (A) Ideogram of the growth lines formed in a 
file mark showing the decrease in spacing from the apex to 
the edge. 
(B) Photomicrograph from which ideogram A was derived. 




line a day). The shape of the new growth also suggested 
rapid initial growth followed by a slowing of growth to that 
of the surrounding tissue (see Fig. 3). Perhaps lines lost 
due to filing trauma were somehow added during a recovery 
growth spurt (see Appendix 2). Since my experiments lasted 
several weeks, it is assumed that although the total number 
of lines may decrease due to filing trauma, random varia-
tions in recovery time would not significantly affect 
relative comparisons between colonies. 
B. Cleaning technique 
No obvious differences in damage were observed among 
the three cleaning and handling procedures compared. One of 
the two specimens in each treatment had the external margin 
broken, which suggests that no cleaning or handling 
procedure protects against all damage. Presumably, skeletal 
damage affected all study groups equally. 
c. Comparison of line types 
Before counting the lines, I had to decide which type 
to use, since there were at least two types visible (Fig. 
2), which are referred to here as major and minor lines. 
Since the minor lines were not distinct in the macrophoto-
graphs, I used the scanning electron microscope for the last 
experiment, hoping to better distinguish between the two 
types (see Fig. 4). 
21 
Figure 4. SEM picture showing the structural difference 
between major and minor lines in M. annularis. 
M: major line; F: minor line; H: fungal hypha. 
Size of the marker: 10 micrometers. 
22 
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The following questions were investigated for M. annularis. 
The conclusions drawn should only be extended to the other 
species with caution, since they were not formally studied. 
1) Do all the specimens have both minor and major 
lines? The minor lines seen in light microscopy were 
visible only in specimens with a good state of preservation. 
Sometimes the major lines were quite indistinct and on some 
specimens a given line appeared fine at one locality but 
could be traced to another locality where it could be called 
a major line (see Fig. 5). 
The minor lines seen in SEM were present on nearly all 
pictures and did not change into major lines, perhaps 
because the SEM pictures are at a higher magnification and 
covered less area. 
2) Are the major and minor lines on SEM pictures the 
same as the ones seen on macrophotographs? It was apparent 
that the ma jar 1 in es in both cases were the same. They 
appeared to have the same relief and were the most obvious 
ridges present. The "minor" lines seen in light microscopy 
were much more difficult to interpret. They tended to be 
discontinuous, but in some cases could be traced to a point 
where they looked almost like major lines. 
24 
Figure 5. Composite photomicrograph of growth in 2 
adjacent file marks (M. annularis), showing major lines 
(white arrows) fading-to minor lines (black arrows). 




Spacing of the growth lines as seen in two types of 
microscopy. 
26 
PICTURE TYPE LINE TYPE PERIOD +SD (pm) RANGE (µm) 
Light major 78.4 + 24.3 43-103 -microscopy 
minor 22.3 + 4. 5 16-28 -
Scanning major 154.2 + 30.7 120-198 
electron 
microscopy minor 14.5 + 2.9 11-19 -
28 
Figure 6. Composite SEM picture of major and minor lines in 
M. annularis. 
Note the regularity of the minor lines. 
29 
~ 100 pm 
30 
4) Are the minor lines also found in the old part of 
the epitheca? They were rarely observed there. This might 
be because the minor lines were eroded away or filled up 
with passively precipitated calcium carbonate. The latter 
suggestion has not been tested, but seems plausible because 
the major lines present on the older epitheca have a higher 
relief than the newly formed ones. 
5) Do corals growing at all depths show the two kinds 
of lines? Within the depth range of this study (1-60 m), 
M. annularis had both major and minor lines, but the major 
lines tended to get closer with increasing depth, probably 
related to the slower growth of the deep water corals. 
o. Variability in the counts 
Table I.2 shows significant difference among observers 
counting lines on the same specimen. However, the absence 
of a significant interaction between observer and coral 
shows that a given observer was consistent in his counting, 
either always reporting higher values, or always lower 
values. Similar results were noted for multiple observer 
counts of growth lines in bivalves (Crabtree et al., 1980). 
This consistency is important, otherwise it would have been 
impossible to compare counts from different colonies. Since 
my values were close to the mean of the eight observers, and 
since a given observer was consistent in his counts, the 
rest of this study was based on my counts only. 
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TABLE I.2 
P-values based on the analysis of variance for the number of 
growth lines by seven observers for 2 corals having 4 file 
marks each. 
Counts 1 and 2 represent the first and second counts given 
by each observer; the maximum value is the highest count 
reported and the mean count is the mean of all counts. 
DEPENDENT VARIABLES 
Count #1 Count #2 Max.val. Mean val. 
FACTORS 
Observers P<.0005 P<.0005 P<.0005 P<.0005 
Mark (Coral) P>.10 P>.05 P<.005 P<.025 
Interaction P>.50 P>.10 P>.10 P>.50 
(Observer x Coral) 
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The significant difference in counts among several 
marks (only a few centimeters apart) on the same coral was 
more disturbing. Some possible reasons for this variability 
are 1) damage during the cleaning and handling process, 
2) encrusting organisms differentially obscuring the lines, 
3) artifacts due to ridge relief and lighting differences, 
4) actual differences in number of lines. 
In view of the variability existing among observers, 
I decided to make all further counts from hard copy (photo-
graphs or drawings) rather than directly from specimens, to 
facilitate future checking of my counts. 
IV. CONCLUSIONS 
This study used filing as an alternate method to 
staining for marking colonies in the study of external 
growth lines and linear growth in flat corals. This avoided 
problems related to stain toxicity and stagnant water 
usually encountered in such studies. 
Previous studies of growth lines often did not define 
enough the type of lines investigated. Two types of 
epithecal growth lines were found. Major lines, observed in 
both light microscopy and SEM, had a high relief and were 
widely spaced. Minor lines lacked a high relief and 
occurred within or between two major lines. 
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With light microscopy, some major lines tended to thin 
out sporadically, thus making the counts quite subjective. 
This problem was apparent in the great differences between 
counts obtained by different observers. Therefore any 
comparison of counts made by different authors shou 1 d be 
done with extreme caution. A positive finding was the 
consistency of counts by any single observer, which makes 
comparisons between different colonies possible if the 
counts are made by the same observer. 
SEM pictures were easier to interpret and may help 
solve the counting problem; but organisms overgrowing the 
epitheca often obliterated the lines, making such counts 
difficult in the majority of specimens. 
CHAPTER 2 
EFFECT OF DEPTH ON NUMBER OF GROWTH LINES IN M. annularis 
I. INTRODUCTION 
Barnes and Taylor (1973), Buddemeier (1974), Baker and 
Weber et al. (1975), Dustan (1975) and more recently Graus 
and Macintyre (1982) reported a significant decrease in 
linear growth with depth for the hermatypic corals 
Montastrea annularis and Porites lobata. 
Since the number of external growth lines may be 
correlated with linear growth, I tested the number of lines 
produced during a given time at different depths. 
If a factor affecting line formation is related to 
depth, a significant difference in the number of lines at 
various depths should occur. Alternatively, if line 
formation is solely the result of an endogenous mechanism, 
difference should be observed only in size but not in number 
of lines. 




II. MATERIALS AND METHODS 
A. Place and date 
All data reported in this chapter were gathered at the 
University of the West Indies, Discovery Bay Marine 
Laboratory, Jamaica, from June to November 1983. The reef 
at the west side of the bay (Fig. 7) extends from the 
surface to more than 60 m deep for a distance of about 300 
m. This made it a good study site, since environmental 
conditions were similar throughout the transect. Montastrea 
annularis was chosen, since it grows from sea level to about 
70 m (Gareau, 1959). All my observations were made on the 
fore-reef to avoid the turbidity usually found inside the 
bay, since Dodge et al. (1974) showed a dramatic growth 
decrease in turbid waters. 
B. Location of the colonies 
Figure 8 shows the general location of each colony on 
the reefs. A grid of under-water lines was set up on the 
reef facing Abbot (between Arena and Pinnacle II) to serve 
as a reference. This was done because the specimens had to 
be marked, left on the reef for 3 months and recovered. The 
starting- point of growth was marked on the epi the ca with the 
technique previously described in chapter one. I marked 14 6 
colonies of M. annularis in situ between 2 and 60 m, but 
could recover only 108 at the end of the survey. 
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Figure 7. Location of reefs facing Discovery Bay Marine 
Laboratory, Discovery Bay, Jamaica. 
A= Arena, B= Green King, C= Abbot, D= Pinnacle II, 
E= Monitor. 














C. Physical parameters 
During the period of this survey, water temperature 
0 0 
varied between 28 and 29.2 C, with less than 0.4 C 
difference between the surface and the deepest colony. 
There was no major storm, but the weather was overcast for 
three and a half days one week after the beginning of the 
survey. 
Light intensity was not measured systematically 
because the underwater meter became flooded several times. 
Most specimens surveyed were facing the open sea (except one 
located in a sand channel; see Fig. 8) and were never under 
the cover of other corals. All the coral plates were 
approximately horizontal, although no attempt was made to 
measure this. Nevertheless, local differences in substrate 
and slope can change the light available to the coral 
(Brakel, 1979), and this might be one of the reasons my data 
were so variable. 
D. Field techniques 
Polypropylene tags were attached to the specimens 
with plastic coated electric wire passing through a hole 
drilled in the coral. This tagging not only allowed me to 
identify the colony at the end of the survey, but also 
located the area of the file marks on the colony (the marks 
wer e filed on each side of the hole; see Fig. la). Such a 
technique was not without problems. Sometimes the tags 
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Figure 8. Location of the colonies (dots with number) on 
the reefs (Fig. 7) with their relative positions to the 
rope grid. 
A= Arena, B= Green King, C= Abbot, D= Pinnacle II . 
........ =reef crest. 
rope grid. 
Numbers refer to colonies sampled. 
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barely floated when in a strong current; if there was a lot 
of surge, the electric wire tended to break. Thus a few 
specimens were found without a tag. Although the position 
of each colony was recorded on a map, several could not be 
found after 3 months of unsupervised growth. The best way 
to fasten the tags seemed to be with nylon string even 
though handling the string was difficult under water. For 
the deep specimens (below 20 m), tags were attached to the 
colonies with clothespins, since time under water was 
1 im i t ed and there was 1 it t 1 e current or surge at those 
d epths. 
The specimens could not all be marked, filed or 
recovered the same day, but as far as possible they were 
l e ft to grow about the same length of time. The difference 
( ±_ 7 days over the average 124 growth days) was used as a 
correction factor in the statistical analysis to adjust each 
specimen's growth ti me to 12 4 days. The corals were brought 
to the lab and cleaned as described in chapter one. 
E. Specimen preparation and line counting 
Because of the specimens' high relief, pictures could 
not be used satisfactorily to count the lines, and camera 
lucida drawings were used instead (Fig. 9). All specimens 
(108) were assigned random numbers to allow the drawing and 
the counting to be done blindly with respect to their prove-
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Figure 9. Camera lucida tracing (actual size) showing the 
method used to record and count the lines. 
major lines 
questionable major lines 
minor lines 
See text for explanation of these categories. 
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nance. They were examined with a dissection scope (40-60x) 
and categorized by clearness of the lines (excellent, good, 
average, and poor). Only the 27 specimens that had lines 
distinct enough to be drawn with the camera lucida were used 
in the anal y sis (from categories "excellent" and "good"). 
Among the 27, 3 presented some minor lines apparently 
different from the others, finer, closer together and 
present only at some spots. The 3 were not used in the main 
analysis because these finer lines could not be drawn. 
Since the drawings were done blindly, the omission of these 
spe cimens was not selective and did not bias the results. 
The results of the counts are given for the three line 
categories defined in chapter one (see p. 12 and Appendix 
3). The analysis was done with the statistics package 
SPSS / PC (Statistical Package for Social Sciences), release 
1.10. It consisted of a set of regressions testing the 
effect of depth, depth 2 and log 10 of depth on number of 
major lines and on total number of lines; and of a DUNCAN/s 
analysis of difference in line number for 5 depth classes. 
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III. ANALYSIS AND DISCUSSION 
A. Choice of plate-like colonies 
I used only plate-like forms (except for !· aurea), 
since they have an extensive epitheca protecting the under-
side of the colonies. Such forms are very abundant below 
20 m, but I found enough specimens even in 1 m of water. 
Gareau (1965), Dustan (1975) and Graus and Macintyre (1976, 
1982) have established the existence of a definite relation 
between coral shape and light intensity. They suggested 
that the presence of flat colonies in shallow water could be 
due to low light levels resulting from local shading. 
The flat colonies I selected were not noticeably shaded 
by comparison with the rounded colonies growing nearby. 
Furthermore, it has been my observation that the shallow 
water flat colonies consistently have a greater linear 
g ro wt h and a re 1 es s dense and s ofter than the deep water 
ones. Although I did not check systematically, occasional 
measurements showed a definite trend supporting that 
observation, which is in agreement with Barnes and Taylor 
(1973) and Graus and Macintyre (1982), but not with Dustan 
(1975). Dustan~s comments about a bias invalidating Barnes 
and Taylor~s study (they used water to measure the coral 
density while he used mercury) do not seem appropriate since 
they were measuring the density of porous objects. To get an 
accurate value of the density, one has to use a liquid 
filling all the cavities. 
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My observation that the skeleton is harder with 
increasing depth means that flat colonies found in shallow 
water are not behaving like flat colonies normally found at 
greater depths. The trend toward decreasing linear growth 
with depth suggests that flat colonies can and should be 
compared only among themselves, rather than comparing the 
rounded shallow colonies with the flat deep colonies as did 
Barnes and Taylor (1973), Dustan (1975) and Graus and 
Macintyre ( 19 8 2). 
B. Line counting 
As discussed in chapter one, the minor lines seen in 
light microscopy are probably major lines in disguise, and 
so were added to the total number of lines in the first set 
of regressions. However, to account for the uncertainty of 
that judgment, I ran another set of regressions using only 
the major lines (represented by the solid and the dashed 
lines on the drawings). (See Table II.l). 
C. Effect of depth on total number of lines 
As predicted, Fig. 10 suggests a negative correlation 
of line number with depth. The slopes of the regressions 




Simple correlatio n c oefficients between the number o f gro wth 
lines and the depth o f growth , the s quare of the depth and 
the log base 10 of depth. 
DEPENDENT VARIABLE 




Log 10 depth 
r 
- . 547 ** 
- . 457 * 
- . 625 *** 
Number of maj o r linesa 
r 
- . 164 (NS) 
- . 122 (NS) 
- . 205 (NS) 
* = P < .05 ** = P<.01 *** = P< . 001 
a= adjusted to 124 days. 
The se values come from 24 selected specimens (see text for 
exp lana ti on) . 
TABLE II.2 
Partial correlation coefficents between the total number of 
growth lines and depth, square of depth and log 10 of depth: 
DEPENDENT VARIABLE 
Total number of linesa 
Variable Partial corre-
held fixed la ti on coefficient 
FACTORS 
Depth -.547 ** 
De pt h 2 Depth .508 * 
Lo g lO depth Depth -.419 * 
a = a d ju st e d to 124 days. 
These val ue s c ome f rom 24 selected specimens. 
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Figure 10. Scatterplot of the total number of lines in 
!".:!· annularis versus (A) log 10 of depth of habitat, (B) 
depth of habitat and (C) square of depth of habitat. 
• normal specimen 
doubtful specimen (see text) 
Regression coefficients: (A) -.625 ***; (B) -.547 **; 
(C) -.457 *; regression line given for B, using only the 




































The values obtained when the 3 doubtful specimens were 
included are given in Appendix 4, and were more significant 
than those using only the 24 reliable specimens. This can 
be understood from the scatter diagram: the 3 doubtful 
specimens also have extreme values that increase the slope. 
D. Relationship between number of lines and depth 
Since the graph suggested a departure from linearity, 
I ran regressions with depth 2 and with log 10 of depth, 
as well as multiple regressions using depth + depth 2 , and 
depth + log 10 of depth as independent variables (Table II.l 
and 2). The multiple regressions both showed a significant 
departure from linearity. This is in agreement with a depth 
effect induced by the non-linear decrease in light intensity. 
A larger sample size is needed to specify the nature of the 
curve giving the best fit. 
The idea that the line number decreases with depth in a 
non-linear fashion, was checked with Duncan's Multiple Range 
Tests, using the adjusted total number of lines as a 
dependent variable (see Appendix 4). The specimens were 
grouped by depth classes following a geometric progression: 
depth 1 : 
depth 2 : 
depth 3 : 
depth 4 : 











(mean= 5.7 m) 
(mean= 9.5 m) 
(mean= 15.0 m) 
(mean= 33.1 m) 
(mean= 51.9 m) 
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Table II.3 shows that one can divide the colonies into 
two groups with respect to number of lines produced: the 
s ha 11 ow water co 1 on i es ( from 4. 5 m to 1 0 m ) and the deep 
water colonies (18.5 m to 63 m). The colonies from mid-
d e pth seem to be intermediate; they do not differ signif-
icantly from the deep water colonies, but do differ from the 
33 m colonies. 
According to Baker and Weber (1975), the linear growth 
increases slightly around 9 m, decreases slowly up to 18 m, 
then rapidly afterwards. That would be consistent with 
Rot h et al. 's (1982) suggestion of a growth inhibition in 
sha llow water (3 m) due to longwave UV light. 
Since there was no statistical difference in the number 
o f line s for the colonies between 4 and 12 m, I ran another 
DUNCAN test 1 umping depth group 1 with 2 and depth group 4 
wi t h 5, as follows: 
Shallow: 4.5-12 m (mean= 7.6 m) 
Intermediate: 12.5-27.5 m (mean= 15 m) 
Deep: 28-63 m (mean= 42.5 m) 
Table II.4 shows again a highly significant difference 
in line number between the shallow and the deep water 
colonie s. This could be interpreted as a rapid decrease in 
numbe r o f lines from the surface to intermediate depth, 
f ol l owe d by a more gradual decrease. 
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TABLE II.3 
Analysis of variance (DUNCAN's test) for the total number of 
growth lines (adjusted to 124 days) and 5 depth classes. 
The solid lines join the groups whose mean number of growth 
lines do not differ at the 0.01 level; the dotted lines join 
the groups not different at the 0.05 level. 
DEPTH CLASS 2 1 3 5 4 
MEAN DEPTH 9. 5 5.7 15.0 51. 9 33.1 
( m) 
MEAN NUMBER OF 187.5 172.6 144.1 135.1 108.3 
GROWTH LINES 
TABLE II.4 
Analysis of variance (DUNCAN's test) for the total number of 
growth lines (adjusted to 124 days) and 3 depth classes. 
The solid lines join the groups whose mean number of growth 
lines do not differ at the 0.01 level; the dotted lines join 
the groups not different at the 0.05 level. 
DEPTH CLASS Shall. Inter. Deep 
MEAN DEPTH 7.6 15.0 42.5 
(m) 
MEAN OF ALL 180.0 144.1 12 5. 1 
GROWTH LINES 
. . . . . . . . . . . . . . 
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E. Impact of Hurricane Allen 
As reported by Woodley et al. (1981) the effects of the 
hurricane (August 1980) could be seen at Discovery Bay down 
to 50 m, although mainly above 16 m. Since most of the 
colonies above that depth had been broken and were still 
r e covering, it is possible that their growth rates might 
have been relatively higher than the values from less 
disturbed deep water specimens. Even if the growth rate 
we re significantly higher than normal, this would not 
ne cessarily imply a difference in number of growth lines. 
IV. CONCLUSIONS 
There was a negative correlation between the number of 
growth lines and depth of growth (provided one accepts the 
assumption that the "fine lines" seen in light microscopy 
are in fact major lines and is willing to use the total 
number of lines). Depth should therefore be considered as a 
potential covariate to any factor affecting the number of 
growth lines in ~- annularis. Further work remains to be 
don e to extend these results to other species. 
More study, using a larger sample size, could perhaps 
allow to decide on the exact type of the relationship 
b e tween number of lines and depth. 
CHAPTER 3 
EFFECT OF CHANGE IN LIGHT PERIODICITY ON EXTERNAL GROWTH 
LINES IN M. annularis 
I. INTRODUCTION 
In his third paper dealing with growth lines, Wells 
(1970) mentioned the light cycle as one of the factors able 
to induce the periodicity found in the "daily" ridges of 
fossil and modern corals, although he did not test that 
possibility himself. I have been unable to find reference 
to anyone who has done so since then. 
According to Barnes' (1972) explanation of growth line 
formation, retractions and extensions of the polyps should 
be observed at the onset and end of each light period. 
I here report my attempts to see if light/dark regimes 
of different length can change the number of growth lines 
produced in otherwise constant conditions. Also reported is 
polyps' behavior in relation to the various light cycles. 
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II. MATERIALS AND METHODS 
A. Location and date 
This work was done in September and October 19 8 4 at 
the University of Puerto Rico Magueyes Field Station, 
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La Parguera, Puerto Rico. The corals were collected from 
several reefs in the bay, between 5 and 10.5 m depth (Fig. 
11), except for Tubastrea aurea, collected around a pier at 
Aguadilla (about 60 km north of La Parguera) in 1 m of 
water. (See Appendix 6 for details on collection sites). 
The main study was done on Montastrea annularis, but I 
included M. cavernosa to test for species differences and 
Porites astreoides to test for differences between families. 
Tubastrea aurea (which does not have symbiotic algae) was 
used to check for a possible interaction of light and the 
zooxanthellae with growth line number. 
B. Experimental design (Fig. 12) 
Six pieces (each about 5 x 5 cm) of a platelike form 
were cut from each colony and brought to the laboratory 
where they were kept on a water table for 3 to 9 days before 
the beginning of the experiment. On the first day of the 
experiment, they were put in their respective aquaria and 
kept under constant light conditions for 4 days using 
artificial lights (a bank of 3 fluorescent bulbs producing a 
total of 90-100 ft-c). On the fourth day, all the specimens 
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Figure 11. Collection sites around the University of Puerto 
Rico Magueyes Field Station, La Parguera, PR. 
Reef names: A= Cayo Enrique, B= Cayo Media Luna, C= Cayo San 
Cristobal (letters locate collecting sites). 
ATLANTIC I s1°w 
Caribbean 
















Figure 12. Experimental set-up for studying the effect of 
different light cycles on growth line number. 
-------: electric lines 
A/ C: cooling unit; CO: cut-off float; CP: centrifugal pump; 
CT: cooling tank; He: quartz heating element; HT: heating 
tank; Re: relay; St: stirrer; SW: sea water; Tl to TS: 
experiment tanks; Tr: therrnoregulator; Ts: temperature 
sensor. 
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were f i led between 1400 h and 2100 and the diverse light 
regimes started at 2200. Figure 13 shows the light cycles 
and temperature records. To make the comparisons among 
treatments more meaningful, the pieces of coral coming from 
the same colony had the same location in each tank (Fig. 
14), which enabled me to use matched specimens in the 
analyses. 
To maintain conditions as natural as possible and yet 
contro l water temperature, I used an open system with the 
water passing successively through a cooling tank and a 
heating bath. The cooling unit was set between 26 and 
0 
27 C. The cooling element, being copper, was painted 
with primer and wrapped with electric tape. The water was 
tested at the beginning and at the end of the experiment for 
copper and was fou nd free of it. 
Five 400 W quartz heating elements, connected to a 
the rm or eg u 1 at or uni t , were used to keep the water a s c 1 o s e 
0 
as possible to 28 C. Nevertheless, problems with the 
0 
cooling unit allowed two major fluctuations of about 1.5 C 
during the 24 days of the experiment (see Fig. 13). 
A centrifugal magnetic drive pump distributed the water 
to 5 tanks. The pump outflow was adjusted to 12.1 l/min. 
Check valves regulated the flow in each tank and assured an 
equal distribution. The main water flow was reduced after 2 
days in an attempt to control temperature and finally set at 
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Figure 13. Light cycles and temperature records for 
experiment tanks (Tl to TS). 
Vertical lines limit 24 h periods. Heavy horizontal lines 
represent light periods. Thin horizontal line represents 
very dim constant light. Arrows indicate beginning and end 
of experimental conditions. t indicate irregularities in 
light regime. Small vertical lines indicate time of 
observation of polyps' behavior. 
Dots on temperature curve represent temperature of heating 
tank; x's represent temperature at outlet of experiment 
tanks. 
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Figure 14. Arrangement of coral samples for each tank. 
Al to Al4: M. annularis; 
P. astreoides; Tl to T3: 
Cl to CS: M. cavernosa; Pl to PS: 
T. aurea. 































14.4 l/min 3 days later. At the end of the experiment, that 
flow was measured to be 9.1 l/min. Since each tank had 
about 80 1 of water and received an average of 110 l / h, 
the half-renewal time per tank was about 45 minutes at the 
end of the experiment (slightly less at the beginning since 
the main outflow was higher). To avoid any kind of 
bacterial infection, the specimens were set on a piece of 
coarse aquarium filter, and each tank had an undergravel 
filter with 2 air lifts, preventing the formation of 
anaerobic conditions on the undersurface of the corals. 
The corals were submerged in 20 cm of water and lighted 
by three 20 W fluorescent bulbs (2 "daylight" and 1 "cool-
white "), giving a total of 90-100 ft-cat the level of the 
corals . To prevent overheating by the light banks, each 
tank was surmounted by a flat tank (15 cm deep) filled with 
water , on which rested the lights. The whole set-up (see 
Fig. 15) was wrapped with aluminum foil to increase the 
light intensity by reflection and to exclude outside light. 
Finally , a layer of black plastic covered the entire system. 
To allow regular observations during the night or the 
dark part of the cycle and to minimize an accidental 
infiltration of outside light, a small light bulb giving 
0.35 ft-c at the level of the corals (by comparison, the 
same lightmeter recorded 0.05 ft-c for full moon) also 
lighted each tank continuously, including the constant very 
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Figure 15. Experiment tank set-up for light cycle study. 
DL: dim light (0.35 ft-c); ET: wooden experiment tank; GD: 
gravity drain; HT: water heat trap; LB: fluorescent light 
bank (90-100 ft-c at coral level); OW: observation window; 
Sp: coral specimen; UF: under-gravel filter. 
The whole set-up was covered with aluminum foil and black 
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dim light tank. A timer controlled the light sequence with 
an accuracy of ~ 10 min. Each timer, however, had to be 
reset manually every day, and on two occasions tanks 1 and 3 
had an extra light period of about 3 hours (see Fig. 13). 
C. Timing of the experiment 
All the specimens were kept for 4 days of pre-treatment 
i n constant light, and marked the fourth day with a file cut 
as described in chapter one. The experimental conditions 
were started the fifth day, and run for 23 days without 








8 hrs light I 8 hrs dark 
12 hrs light I 12 hrs dark 
16 hrs light I 16 hrs dark 
constant light 
constant very dim light 
* see Fig. 13. 
Number of cycles: 
36 dark and 35 light 
24 dark and 23 light 
18+2 dark and 17+2 light* 
constant conditions 
constant conditions 
The last day, at the end of their respective dark 
cycles, the tanks were drained, filled with fresh water with 
chlorox (1 quart per tank) and left in that condition for 2 
hours. The specimens were then washed with fresh water and 
processed as described in chapter one. The major lines we re 
traced from SEM pictures (Fig. 16). 
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Figure 16. SEM composite view of monitored growth in the 4 
species studied. 




























D. Statistical analysis 
All the counts used for the analysis were done blindly 
with respect to species or treatment. Tracings from SEM 
pictures were used to make the counts. Linear growth 
measurements were made directly on the specimens using a 
Zeiss stereomicroscope with a Bausch and Lomb eyepiece 
micrometer (measurement error=+ 1.7 pm). The following 
counts, measurements and rankings were done for each 
specimen: 
1) Number of minor lines in the file mark 
2) Number of unquestionable major lines in the mark 
3) Number of questionable major lines in the mark 
4) Total number of major lines (2 + 3) 
5) Linear growth in the file mark 
6) Rank according to the relief of the major lines 
7) Rank according to the distinctness of the major 
lines 
Since the ranking according to distinctness of the 
major lines showed no correlation with light intensity or 
with light cycle frequency (except for P. astreoides where 
treatment 2 seemed to produce clearer lines than treatment 3 
[P = .03]), I used the ranking to select subgroups for the 
analy sis. For each of the statistical tests, I performed 
three runs, each time reducing the sample size by selecting 
more reliable specimens. The first run (labeled Al l in the 
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tab 1 es ) used a 1 1 specimens with the exception of a f e w sick 
ones and some pictures judged unclear before the counts, the 
second run (labeled Fair) used only the pictures ranking at 
least average on the distinctness scale (see Appendix 6), 
and the third run (labeled Good) only those ranking good or 
excellent. 
The analysis was done with the SPSS/ PC program. For 
each ANOVA run, two sets of values were used: averages from 
2 (or 3) replicate file marks from the same specimen 
(labeled mean of replicates in the tables), and values from 
eve ry replicate entered separately (labeled replicates used 
separately) to test for colony variability and interactions 
between the colonies and the treatments. To generalize my 
results for the entire population of each species, I used 
the interaction mean squares (instead of the residual 
va lues) as denominator for the F ratio. 
The following analyses were done for each species: 
Major lines: 
a) 2-way ANOVA testing the number of major lines for 
i) the colony effect and the effect of 5 light regimes 
(8h L/ 8h D, 12h L/ 12h D, 16h L/16h D, constant light 
and constant dim light); 
ii) the colony effect and the effect of the 3 light 
cy c 1 es ( 8 I 8 , 12I1 2 , 1 6I1 6 ) ; 
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b) a paired t-test comparing the effect of 2 levels of light 
intensity (100 and 0.35 ft-c) on the number of major lines. 
Minor lines: 
c) 2-way ANOVA testing the number of minor lines for 
i) the colony effect and the effect of 5 light regimes; 
ii) the colony effect and the effect of 3 light cycles; 
d) a paired t-test comparing the effect of 2 levels of light 
intensity on the number of minor lines. 
Linear growth: 
e) 2-way ANOVA testing the difference in linear growth for 
i)the colony effect and the effectof Slight regimes; 
ii) the colony effect and the effect of 3 light cycles; 
f) a paired t-test comparing the effect of the 2 levels of 
light intensity on linear growth. 
E. Monitoring of polyps' behavior 
Periodic observations were made of the corals' polyps 
in the 5 tanks, but not every day or at the same time each 
day because of higher priorities (see Fig. 13 for the 
schedule). Each colony was observed through a glass window 
in the wooden tank, and the general aspect of the colony was 
evaluated for the state of expansion or retraction of its 
polyps. It was almost impossible to exclude ambient light 
from a dark tank during a diurnal observation, hence most of 
the dark checks were done at night. 
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Almost half of the time the po 1 yps did not extend 
completely, or only a part (roughly half) of the colony 
would open. The polyps' behavior at the time of observation 
was recorded as open, closed or intermediate. Only the open 
or closed values were used for most of the analyses, since 
the intermediate state could not be easily interpreted (were 
the polyps in the process of opening or closing?). For one 
test, however, the intermediate values were lumped with the 
open ones. (See Appendix 8 for tables comparing the 
expected behavior of the corals [open in the dark, closed in 
the light] with the deviations from the expected behavior 
[closed in the dark, open in the light]). 
The following tests were done for the 4 species: 
1) 2-way ANOVA on total closed/total observations 
[CC+CO]/[OO+OC+CO+CC] (C= closed, O= open, first letter= 
observed, second letter= expected), testing the colony 
effect and the polyps' response to one of the 3 light 
cycles; 
2) 2-sided t-tests for each light regime (1-3) testing if 
the opening behavior was random in relation to light (one 
expected the polyps to open in dark and close in light); 
3) 1-sided paired t-test on the total closed/total 
observations [CC+CO]/[OO+OC+CO+CC], testing if the polyps 
closed more often under very dim or bright light (light 
cycles 4 and S); 
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4) 2-way ANOVA on CC/[CC+OC] (observed expected closed/ total 
expected closed) testing the colony effect and if the polyps 
were closed when expected (in light) more often under one 
than another of the 3 light cycles; 
5) 1-sided paired t-test on CC/[CC+OC] testing if the polyps 
were observed closed in bright light (when expected) more 
often than in dim light. 
II I. RESULTS 
A. Effects of light on linear growth and growth line number 
1. For M. annularis 
a. Number of major lines: see Figure 17. 
i) In a first set of 2-way ANOVA 's, the 5 treat-
ments and the colonies were tested as sources of the 
variation in the total number of major lines. Whether 
the replicates from the same colonies were entered 
individually (Table III.l, right, All) or averaged to 
extrapolate the results to the whole population (Table 
III.l, left, All), the treatment effect was not 
significant, but the colony effect was highly so. 
In Table III.l, right, there seemed to be a trend, 
from run Al 1 to run Good, towards an increase in 
significance of the treatment effect if one takes 
only the pictures with clear lines; at the same time, 
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Figure 17. Number of major lines produced under diff e r e nt 
light regimes by~- annularis. 
Tl: 8/ 8 light/ dark cycle; T2: 12 / 12 cycle; T3: 16 / 16 c ycl e ; 
T4: constant light; TS: constant very dim light. 
Vertical lines represent + 1 standard deviation. 
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TABLE III.l 
2-way ANOVA for the total number of major lines by treatments ( 1 to 5) and by 
colonies in M. annu laris. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
* All Fair All Fair Good RUNS 
(n=66) (n=37) (n=l28) (n=72) (n=31) 
FACTORS 
Treatments P> .05 P> .05 P> .05 P< .05 P= .04 
Colonies P< .005 P> .25 P< . 00 5 P< .01 P= .20 
Interaction P= . 0 3 P= .02 P= .57 
* The first run (labeled "All") included all specimens with the exception of a few 
sick ones and some pictures judged unclear, the second run (labeled "Fair") used 
from the first group only the pictures ranking at least average on the clearness 
scale (see Appendix 6), and the third run (labeled "Good") only those ranking good 
or exce 11 ent. 
the colony effect and the interaction were reduced to 
non-significance. 
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ii) In this study, treatments 1 to 3 received the 
same amount of light, but distributed differently. The 
number of lines decreased when the light period was 
increased. An ANOVA was run to check if the number of 
lines was inf 1 uenced by the amount of 1 igh t or by the 
light periodicity. The treatment (1-3) and the colony 
effects were both significant when using the averaged 
values of all specimens and highly significant when 
using the replicates separately (see Table III.2A). 
Another ANOVA tested the colony effect with the treat-
ments (1-3) as covariate (Table III.2B). Both the 
colony and the treatment effects were significant, but 
here again the use of the best pictures reduced the 
colony effect to non-significance while the treatments 
remained significant (see Table III.2B, right side). 
iii) Treatments 4 and 5 were both constant 
conditions, but differed in light intensity. The 
number of ma j or 1 in e s was not a f f e ct e d by e i the r the 
treatments or the colonies, and the interaction between 
colonies and treatments was not significant (Table 
III.3). 
TABLE III.2 
A) 2-way ANOVA for the total number of major lines by treatments ( 1 to 3) and by 
colonies in M. annularis. 
B) 2-way ANOVA for the total number of major lines by colonies with treatments 1 
to 3 as covariate. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
* All RUNS Fair All Fair Good 
(n=41) (n=27) (n=81) (n=53) (n=23) 
A) 
FACTORS 
Treatments P< .05 P> . 05 P= .01 P> .05 P= .03 
Colonies P< .005 P> .25 P< .000 P< . 05 P= .30 
Interaction P= .09 P= .03 P= .55 
B) 
FACTOR 
Colonies P= .003 P= .30 P< .000 P= .003 P= .30 
COVARIATE 
Treatments P= . 01 P= .02 P= .007 P= .01 P= .04 




A) 2-way ANOVA for the total number of major lines by treatments ( 4 and 5) and by 
colonies in M. annularis. 
B) 2-way ANOVA for the total number of major lines by colonies with treatments 4 



















* See Table III.lA for explanations. 
REPLICATES USED SEPARATELY 
All Fair Good 
(n=47) (n=l9) (n=8) 
P= .90 P= .92 
P= .08 P= .075 
P= .10 P= .20 
P= .15 P= .08 
P= .90 P= .93 
TABLE III.4 
2-way ANOVA for the total number of minor lines by treatments ( 1 to S) and by 
colonies in M. annularis. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
* All Fair All Fair Good RUNS 
(n=66) ( n=3 7) (n=l28) (n=72) (n=31) 
FACTORS 
Treatments P> .OS P> .7S P= .07S P> .so P> .50 
Colonies P< .OS P> .10 P= .03 P< .OS 
Interaction P= .65 P= .002 P= .04 
* See Table III.lA for explanations. 
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TABLE III. 5 
2-way ANOVA for the tota 1 number of minor 1 in es by treatments ( 1 to 3) and by 
colonies in M. annularis. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
* All Fair All Fair Good RUNS 
(n=41) ( n=2 7) (n=81) (n=53) (n=23) 
FACTORS 
Treatments P< .05 P> .50 P= .03 P> .25 P> .50 
Colonies P< .025 P> .25 P= .005 P> .05 P> .50 
Interaction P= .50 P= .008 P= .03 
* See Table III.lA for explanations. 
(X) 
w 
TABLE III. 6 
2-way ANOVA for the total number of minor lines by treatments ( 4 and 5) and by 
colonies in M. annularis. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
* RUNS All Fair All Fair Good 
(n=25) (n=lO) (n=47) (n=l9) (n=8) 
FACTORS 
Treatments P> .10 P= .30 P= .025 
Colonies P> .75 P= .80 P= .06 
Interaction P= .65 P= .07 
* . See Table III.lA for explanations. 
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b. Number of minor lines: 
i) The variability between colonies was the main 
factor affecting the number of minor lines (although it 
was not significant if only the best pictures were 
used). (Table III.4). 
ii) Light periodicity (treatments 1 to 3) and the 
colonies significantly affected the number of minor 
lines, but both effects disappeared if only the best 
pictures were used (see Table III.S). 
iii) The number of minor lines was not different 
for treatments 4 and 5 (except for the fair pictures: 
Table III.6, right). The colony effect was always non-
significant. 
c. Linear growth: see Figure 18. 
i) The 5 treatments produced different degrees of 
growth; colony variability was also significant, 
although at a lower level (Table III.7). 
ii) The light cycle differences in treatments 1 to 
3 did not produce any significant growth difference 
(Tab le I I I. 8). 
iii) Treatment 5 (constant very dim light), 
however, decreased linear growth by comparison with 
treatment 4 (constant bright light) (see Fig. 18 and 
Table III.9). 
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Figure 18. Linear growth attained under different ligh t 
regimes by M. annularis. 
Tl: 8/8 light/dark cycle; T2: 12/12 cycle; T3: 16 / 16 c ycl e ; 
T4: constant light; TS: constant very dim light. 
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A) 2-way ANOVA for linear growth by treatments (1 to 5) and by colonies in 
M. annularis. 














MEAN OF REPLICATES 
All Fair 
(n=66) (n=37) 
P< .025 P> . 25 
P< .05 P> .75 
P= .05 P= .80 
P= .01 P= .35 
See Table III.lA for explanations. 
REPLICATES USED SEPARATELY 
All Fair Good 
(n=l28) (n=72) (n=31) 
P< .025 P> .10 P= .35 
P< . 05 P> .10 P= .07 
P= .001 P= .004 P= .06 
P= .001 P= .08 P= .20 




2-way ANOVA for linear growth by treatments (1 to 3) and by colonies in M. annularis. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
* All Fair All Fair Good RUNS 
(n=41) ( n=2 7) (n=81) (n=53) (n=23) 
FACTORS 
Treatments P> .25 P> .50 P> .25 P> .25 
Colonies P> .10 P> .90 P> .10 P> .25 
Interaction P= .003 P= .01 P= .15 
* See Table III.lA for explanations. 
TABLE III. 9 
2-way ANOVA for linear growth by treatments (4 and 5) and by colonies in M. annularis. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
* All Fair All Fair Good RUNS 
(n=25) (n=lO) (n=47) (n=l9) (n=8) 
FACTORS 
Treatments P< .01 P< .01 P> .25 
Colonies P> .50 P> .75 P> .50 
Interaction P= .03 P= .04 
* See Table I II. lA for explanations. 
l..D 
0 
2. For M. cavernosa 
a. Number of major lines: see Figure 19. 
i) Neither colony nor treatment (1-5) effect was 
significant. 
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ii) and iii) Neither distribution nor amount of 
light affected significantly the number of major lines. 
b. Number of minor lines: 
i) Treatments 1 to 5 did not induce any 
significant difference in number of minor lines. 
ii) The different light cycles of treatments 1 to 
3 did suggest a different number of minor lines (while 
using the best pictures and the replicates separately). 
But this did not extend to the whole population of ~­
cavernosa (i.e. it was non-significant when using the 
averaged values of the replicates. (See Appendix 5: 
Table 5.5). 
iii) The different amount of light in treatments 4 
and 5 did not produce a significant change in the 
number of minor lines. 
c. Linear growth: see Figure 2 0. 
None of the factors studied significantly affected 
linear growth. 
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Figure 19. Number of major lines produced under different 
light regimes by~- cavernosa. 
Tl: 8/8 light/dark cycle; T2: 12/12 cycle; T3: 16/16 cycle; 
T4: constant light; TS: constant very dim light. 
Vertical lines represent ± 1 standard deviation. 
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Figure 20. Linear growth attained under different light 
regimes by M. cavernosa. 
Tl: 8/8 light/dark cycle; T2: 12/12 cycle; T3: 16/16 cycle; 
T4: constant light; TS: constant very dim light. 
Vertical lines represent + 1 standard deviation. 
95 
II) .,, Q) .,, Q) .... 
Q) .... ::> ::> -.... u ::> -- u 0. u 0. ·o.. "'"O .... 0 
















co - It) q ll') 4> E 
c E .... .... 
..J -
96 
3. For P. astreoides and T. aurea 
All the factors tested were found to be non-significant 
for each of these species. 
B. Effect of light on polyps' behavior 
1) The 3 treatments included in a 2-way ANOVA were: 
8h light/8h dark, 12h light/12h dark and 16h light/16h dark. 
The ratio of the total number of polyps closed for al 1 the 
observations, over the total number of observations was the 
statistic used (noted in Appendix 7 as [CC+CO]/[OO+OC+CO+CC], 
using the frequencies FR). The treatment effect was non-
significant for each of the species. However, the colony 
effect was highly significant for ~- annularis and for M. 
cavernosa, while for P. astreoides and T. aurea it was not 
significant. (Appendix 8.1). 
2) Because no difference was observed in the open/close 
status of the polyps between the light regimes (treatments), 
I looked for randomness of opening within the light regimes. 
For each colony within the 3 treatments, I tested for 
correlation of expected behavior (open in dark, closed in 
light) with observed behavior. For this analysis, I used 
all recorded observations (frequencies FS in Appendix 7), 
including the intermediate state of polyps' extension, in 
order to test the slightest response of the coral to Light. 
2-sided t-tests were used to check the correlation coef fi-
cients (given in Appendix 7) within each light regime. 
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The t-tests were significant for ~- annularis for each 
of the treatments, meaning that polyps~ opening and closing 
was not random within a treatment (Appendix 8.2). 
The results were not as clear for the other species, 
possibly due to smaller sample size. The correlation 
coefficients were significant only within one of the 
treatments for M. cavernosa, for f· astreoides, and for 
T. aurea (see Appendix 8, Table 8.2). 
3) Since a change in the light cycle failed to show any 
significant effect on the opening/closing behavior of any of 
the species, I tested for the effect of light intensity by 
running a series of 1-sided paired t-tests (pairing the same 
colonies) for treatments 4 and 5 (constant light and 
constant very dim light, respectively), using the same 
statistic as was used in 1) above (total number of polyps 
closed divided by total number of observations). For M. 
annularis, the difference was not significant, meaning that 
the polyps were not opened or closed more often in constant 
light than in constant dim light. But it was significant 
for M. cavernosa and for P. astreoides (see Appendix 8, 
Tab 1 e 8. 3). 
4) I tested for treatments 1-3 to see if the polyps were 
observed closed in light (when expected) more often in one 
treatment than in another. A 2-way ANOVA, using CC/ (CC+OC) 
[observed closed in light over total observations in light] 
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as dependent variable, was run for treatments 1-3 and 
colonies. The treatment effect was not significant for any 
of the species, while the colony effect was highly signi-
ficant for M. annularis and ~- cavernosa but only signi-
f icant for P. astreoides. No conclusion could be drawn for 
~- aurea, since it failed to open completely even in the dim 
light. 
The same test was administered for opening of the 
polyps (instead of their closing). Again, none of the 4 
species showed any significant difference between the 
various light regimes. The colony effect was significant 
only for ~- annularis. (See Appendix 8, Table 8.4). The 
results in the run using open polyps were different from the 
one using closed polyps because the open counts excluded the 
intermediate states of opening. 
5) Two more 1-sided paired t-tests, using [CC/(CC+OC)], 
were run for treatments 4 and 5, testing the effect of light 
intensity on expected behavior. When counting the closed 
polyps, the results were highly significant for M. annularis 
(treatment 4 > treatment 5) and significant for M. cavernosa 
and P. astreoides. The test for the open polyps gave the 
same results (Appendix 8, Table 8. 5). 
99 
IV. DISCUSSION 
A. Effects of light on linear growth and growth line number 
The basis of sclerochronology rests upon the ability of 
the corals to record periodic changes in the environment 
associated with the Earth and Moon rotations. As suggested 
by Wells (1970), the daily light/dark cycle is the prime 
candidate as the inducing factor. It was thus imperative to 
see if the corals do really respond to the light cycle by 
producing growth lines in phase with it. 
A first glance at my results showed the magnitude of 
the variability between replicates from the same colony and 
in the same treatment (Fig. 17 and 19). Thus it is impor-
tant to use averages from as wide a sample size as possible 
and to select the very best specimens. 
Yet I can say that the 5 light regimes induced a 
significant difference in the number of major growth lines 
for M. annularis. This could be seen especially when 
treating the light cycles as covariates while testing for 
the colony effect. 
The next step was to discriminate between the effect of 
the amount of light received in a given time and the parti-
tioning of that light. My results clearly showed that the 
amount of light did not affect significantly the number of 
lin e s, whereas a change in the dark/light periodicity did. 
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The fact that the results were more significant when 
the replicates were entered separately (versus entering 
their averages) reflects the effect of colony-treatment 
interaction and the difference between the two types of 
ANOVA used (components-of-variance model when averaging the 
replicates and fixed constants model when using the repli-
cates separately). Only the results from the averaged 
values can be used to make predictions for the whole popula-
tions of the species studied. 
My results for ~- cavernosa, P. astreoides and T. a urea 
were not conclusive, possibly because of the small sample 
size. Yet it should be noted that not only was the treatment 
effect non-significant, but likewise the colony effect. 
Using only the best pictures for ~- cavernosa decreased the 
significance of the treatment effect, while it increased it 
for M. annularis. A different response may occur in 
different species. This would be consistent with the 
observations of Lasker (1977) who noticed that in 3 
populations of ~- cavernosa, the shallow water ones have 
their polyps extended during both day and night, while the 
deep water colonies have their polyps open only during the 
night the intermediate depth colonies display both beha-
viors). If, as Barnes (1972) has suggested, the growth 
lines are directly related to the extensions and retractions 
of the polyps, it would be expected that the two species 
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having a different behavioral response to light 
(!1. annularis tends to open mainly during the night) would 
also have their growth line number affected differently when 
exposed to the same light regimes. Further testing using a 
larger sample size for each species might elucidate the 
question. 
Wh i 1 e the numb e r o f ma j or 1 in es w a s s ho w n to be 
affected by the light cycles, linear growth was found to be 
dependent on the amount of light but unaffected by its 
partitioning. This finding is not new, having been reported 
previously by Barnes and Taylor ( 197 3) and Roth et a 1. 
(1982); it does not corroborate the report of Rinkevich and 
Loya (1984 a,b) that the rate of calcification in an aerated 
dark tank is the same as in the light. 
B. Polyps' behavior 
1) Changing the light cycle frequency (from 8 h/8 h to 
12 h/12 h to 16 h/16 h) did not seem to affect the number of 
times the polyps open or close. However, because the 
observations were not done on a systematic basis with 
respect to time in the light cycle, the results could be 
biased if the polyps were responding to an endogenous rhythm 
rather than to light (Chalker, 1977, has shown a daily 
periodicity in the calcification process in Acropora 
cervicornis and in the symbiotic zooxanthellae). 
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2) Comparison of the observed behavior with the 
expected behavior for each light regime, indicated (for M. 
annularis) that opening and closing was not random with 
respect to light and dark. This result may seem contradic-
tory to the previous one (that different light cycles do not 
affect the number of times the polyps open or close), but it 
is not, because the first test examined the effect of the 
light cycle frequency, while the second tested the effect of 
light versus dim light. 
3) The different responses to light intensity of 
M. annularis, ~- cavernosa and f. astreoides did not come as 
a surprise, since Lasker (1977) noted that ~- cavernosa 
usually remains open day and night in shallow water, but 
begins to change this behavior at intermediate depths and 
opens on 1 y a t n i g h t be 1 o w 2 5 - 3 5 m . My co 1 on i e s were 
collected from 10 m, but the waters are known to be turbid 
in the bay surrounding La Parguera, and the amount of light 
may have been closer to the value usually encountered in 
deeper water where Lasker made his observations. 
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V. CONCLUSIONS 
The variability between replicates accounted for most 
of the difference in the number of major lines or in linear 
growth, between light regimes; and for all the difference 
when the sample size was small (n< 10). Because of this, I 
could not draw any definite conclusion for ~- cavernosa, P. 
astreoides or T. aurea. For ~- annularis, light regimes of 
different periodicity did induce a difference in the number 
of major growth lines, more being produced when the light 
cycle frequency was increased. 
Under the conditions tested, light intensity per se did 
not affect the number of major growth lines, but it changed 
the proportion of open and closed polyps (more being open in 
dim light), which could explain in part why corals growing 
at different depths produce different numbers of lines. 
Although my results support the belief that the polyp~s 
behavior was not random in relation to light versus dark (at 
least for M. annularis), they failed to show a relationship 
between light periodicity and the number of observed polyps 
open ( o r c 1 o s e d ) i n a g i v en t i me . 
The behavioral variability between colonies was also 
high, to the point that one colony almost alwys remained 
open while the next one almost always remained closed. 
This was observed in all species, but especially in 
M. annularis and M. cavernosa. 
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To test directly the relation between polyp behavior 
and the number of growth lines, experiments manipulating the 
opening and closing of the polyps should be done. 
Anderson's (1976) study, in which he used microelectrodes to 
stimulate a colony, producing simultaneous retraction of 
several polyps, offers one possible method, although it is 
not known that the polyps would remain contracted for several 
hours or continue to respond to stimuli for several days. 
The factors affecting the number of growth lines were 
found not to affect linear growth and vice versa: for M. 
annularis, an increase in light cycle periodicity did not 
modify linear growth, while an increase in light intensity 
did affect growth, but not the number of lines. 
Because the variability between replicates from the 
same colony was in many cases more significant than the 
light treatment effect, it seems doubtful that the light 
cycle (or changes in it) could be easily determined from 
fossil corals where the sample size is often reduced to one 
or two from the same locality. Furthermore, usually very 
little is known about the fossil coral physiology or envi-
ronment, which certainly affect the number of growth lines 
as shown in this study. Depth, turbidity, shading and 
temperature changes should be carefully pondered before 
drawing any conclusion from fossil growth line. 
GENERAL CONCLUSIONS 
Much time has passed since Wells (1963) stated: 
"How nice it would be if instead of paying a large 
sum for an isotopic analysis we could examine a 
fossil and estimate directly, with luck, not only 
its relative, but also its absolute age -- every 
palaeontologist a geochronometrist; every fossil a 
geochronometer!" 
For most scientists, sclerochronology is a well-established 
science whose results are widely accepted without too much 
questioning (Beauvais and Chevalier, 1980). Yet, several 
studies have shown that many factors can influence the coral 
behavior and thus the production of growth lines (Barnes, 
1971; Buddemeier and Kinzie, 1975; Lasker, 1977; Weber et 
al., 1975). 
In view of this and of my results, I would like to draw 
the r e ader's attention to the following: 
(1) Wells' (1963) "act of faith" in assuming "that 
th e major annulations on corals represent annual growth 
incre ments or varves" has not been well supported by other 
studies. For example, Scrutton (1964, 1970), out of 10 well 
pres e rved Mi ddle Devonian corals, found that "only in one 
case could annulations be doubtfully recognized", although 
he found other types of annulations. Claim of annual 
lines should wait until the three types of banding (yearly, 
monthly and dai 1 y) can be demonstrated on the same modern 
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coral head and perceived by different observers. My data 
indicated how subjective the distinction can be. 
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(2) The variability in counts by different individuals, 
even though each observer is consistent with himself, makes 
any comparison of reports by different authors hazardous. 
The only hope would be for a reliable mechanical device to 
count the lines, but even then, would it be possible to 
distinguish between the three kinds of lines? 
(3) The variability between colonies just a few feet 
apart, or even within a single colony, almost precludes the 
use of corals (at least the species of this study) in 
g eochronology. Only when it is possible to count many 
specimens from the same locality can one hope to circumvent 
the individual variability. (See Foster, 1979, for a study 
of inter- and intracolony morphological variability in 
f ossil and modern corals). Unfortunately, such a possibi-
lity is very rare in paleontology. 
(4) The paleoenvironmental conditions should be studied 
in detail, since they undoubtedly affected the number of 
growth lines, as suggested in this study of modern corals. 
Depth is one of them, but turbidity and shading must also be 
considered, as they affect the light received by the corals. 
Furthermore, all the fossil corals I have examined 
display (if well preserved) very regular bandings, much more 
r egular than the lines on my specimens grown on the reef or 
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in "constant" conditions. This again suggests that the 
fossil corals were experiencing some conditions quite dif-
ferent from their modern counterparts, or that their 
physiology was different in some respects; alternatively, it 
might suggest that fossil corals are much better geochrono-
meters than present ones. 
In summary, could it be that Wells' premises were hasty 
and do not stand the test of further study? Isn't it time 
to re-evaluate his data and suggest an alternate explana-
tion? Might environmental factors such as depth or amount 
of light account for the difference in growth lines found on 
fossils from various geological horizons, instead of secular 
changes in the Earth's rotation period? This would be 
consistent with the theory of ecological zonation (Clark, 
1946) and should be worked out. 
Paleoenvironments may or may not have been close 
to what we have today. If they were similar, perhaps 
differences in depth, turbidity, and temperature, for 
example , could just as well have produced a different number 
of growth lines per month, as a slowing Earth. If past 
environments were unlike the present day, it becomes more 
difficult to suggest what factors may have ca used a 
different growth line number in the past. One can always 
think of a difference in temperature between seas located at 
various levels; changed salinity and turbidity are also 
good candidates. We can look for a unifying model 
explaining not only the number of growth lines in fossils 
of a given age, but also addressing in a general way the 
mechanism of fossilization in the setting of a major 
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APPENDIX 1 
VARIABILITY OF THE COUNTS DONE BY 8 OBSERVERS FROM 2 
COLONIES 
Each colony provided 4 growth areas. 
Legend: O= observer; C= coral; M= file mark; Kl= first count 
(with mean); K2= second count (with mean); Mx= maximum count 
(with mean); Av= average of all counts (with mean). 
Some observers reported more than one value per count, hence 
in some cases the mean and maximum are different than the 




























































































































ELI 1 1 115 129 12 9 123 
1 2 118 111 118 115 
1 3 138 104 13 8 121 
1 4 104 116 116 110 
(118.75) (115) (125.25) (117.25) 
2 1 95 116 116 106 
2 2 12 7 114 12 7 129 
2 3 106 100 106 103 
2 4 110 96 110 103 
(109.5) (106.5) (114.75) (110.25) 
KJE 1 1 98 110 110 104 
1 2 99 107 107 103 
1 3 105 114 114 110 
1 4 95 95 95 95 
(99.25) (106.5) (106.5) ( 103) 
2 1 101 108 108 105 
2 2 94 95 95 95 
2 3 79 94 94 87 
2 4 100 108 108 104 
(93.5) (101.25) (101.25) (97.75) 
JGI 1 1 106 96 109 102 
1 2 93 109 109 101 
1 3 122 93 122 108 
1 4 82 106 106 94 
(100.75) ( 101) (111.5) (101.25) 
2 1 77 101 101 89 
2 2 92 102 102 97 
2 3 84 90 90 87 
2 4 91 101 101 96 
( 86) (98.5) ( 98. 5) (92.25) 
MBR 1 1 138 144 144 142 
1 2 117 156 156 137 
1 3 134 154 154 144 
1 4 151 127 151 139 
( 1 3 5 ) (145.25) (151.25) (140.5) 
2 1 151 168 168 160 
2 2 112 134 134 123 
2 3 125 151 151 138 
2 4 128 193 193 161 
( 1 2 9 ) (161.5) (161.5) (145.5) 
CCL 1 1 105 123 12 3 110 
1 2 99 105 111 105 
1 3 94 76 99 90 
1 4 97 108 108 100 
(98.75) (103) (110.25) (101.25) 
2 1 91 116 116 102 
2 2 101 109 109 105 
2 3 92 96 96 94 
2 4 95 120 120 104 
(94.75) (110.25) (110.25) (101.25) 
MAD 1 1 82 76 82 79 
1 2 82 90 90 86 
1 3 98 85 98 92 
1 4 70 81 81 76 
( 8 3) ( 8 3 ) (87.75) (83.25) 
2 1 92 85 92 89 
2 2 81 94 94 88 
2 3 66 76 76 71 
2 4 68 81 81 75 
(76.75) ( 8 4) (85.75) (80.75) 
NOTE: the variability between observers is very high, 
especially for two of them (MBR and MAD) differing by a 
factor of 2. 
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The time used by each observer was recorded for the first 
count and does not seem to be correlated with the standard 
deviation of the counts of each observer (R= 0.067), 
although MBR and MAD spent the least amount of time ( 40 min) 
while the others spent from 1 hr to 2 hrs to complete the 
counting. 
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Results of a series of ANOVA tests for the number of lines 
(counts) by observers (0) and growth areas (M) within the 
colonies (C): 
1 ) DEPENDENT VARIABLE: First count (Kl) 
df F p 
FACTORS 
Observers 7,7 72.7002 < .ooos 
Mark (colony) 6,42 l.80S3 > . 10 
Interactions 7,42 0.2S68 > .so 
observers/colony 
2) DEPENDENT VARIABLE: Second count ( K2) 
df F p 
FACTORS 
Observers 7,7 19.9091 < .ooos 
Mrak (colony) 6,42 2.2963 > .OS 
Interactions 7,42 1.4032 > .10 
observers/colony 
120 
3 ) DEPENDENT VARIABLE: Maximum count (Mx) 
df F p 
FACTORS 
Observers 7, 7 28.1271 < .0005 
Mark (colony) 6,42 4.0591 < .005 
Interactions 7,42 1.5738 > .10 
observers/colony 
4) DEPENDENT VARIABLE: Average count (Av) 
df F p 
FACTORS 
Observers 7,7 50.2033 < .0005 
Mark (colony) 6,42 2.9864 < .025 
Interactions 7,42 0.8810 > .50 
observers/colony 
APPENDIX 2 
STUDY OF THE RECOVERY PROCESS AFTER FILING 
Sets of colonies of M. annularis were marked at 2-4 m, 10 m, 16 m and 32 m. They 
were then filed and portion collected after 4, 7, 12 and 21 days (except for the 
colonies from 10 m that were studied more frequently at 1, 2, 3, 4, 5, 7, 10, 12 and 21 
days). The colonies were chosen in as close proximity as possible. They had to be 
large enough to be able to receive at least 10 file marks without damage. All the 
I-' 
N specimens from 10 m were studied, but for the other depths, only some of the best 
specimens from the 12th day were considered. 
Each day that a colony was visited, a small piece containing one file mark was 
removed carefully with an hacksaw and a chisel. The chip was then cleaned and bleached 
following the usual method and checked for the presence of lines. Some pieces were 
later prepared for electron microscopy and observed with SEM to check the accuracy of 
the light microscopy counts. As can be seen, the SEM counts are usually higher than 
the LM ones and are much closer to the number of days of recovery. 
RESULTS: ( - represents missing or unprocessed data) 
Colonies from 10 m: 11 colonies were tagged and filed on July 3, 1983 at 13:00. 
Time of Colony: Depth: # growth lines: Observations: 
recovery: ( m) SEM: LM: 
Day 1 1 9.75 0 
17:30 2 10.4 0 
3 10.7 0 
4 10.4 0 
5 10.7 0 
6 10.0 0 
7 9.75 0 
8 9.75 0 
9 9.75 Missing piece 
10 10.4 0 
11 10.4 0 
Day 2 1 0 
17:30 2 0 ? Indistinct 
3 0 
4 0 New septa start 
5 0 
6 1-3 ? Small ridge 
7 0 
8 ? Small repair 
9 4? 0 Bored piece 
10 0 

















































One side only 




Da y 5 1 0 
17 : 00 2 3 One side only 
3 0 
4 3-4 0 
5 0 
6 6-9 0 Lines unclear 





Da y 7 1 1 One side only 
17:00 2 0 
3 9 One side only 
4 5-7 0 Begins to recover 
5 0 
6 ? 3? Lines unclear 
7 3 Both sides 
8 0 
9 5-7 5 15-21 minor lines 
10 2 Starts at bottom 
11 0 
Day 10 1 3 One side r e paired 
16 : 45 2 4 Both sid e s repaire d 
3 ? 
4 0 Encrusted specimen 
5 4 
6 4-6 ( 4 on sides of mark, 





11 7 One side only 
Day 12 1 3-4 
17:45 2 3 
3 3 
4 7-8 4 2 major ridges? 
5 No file mark left 
6 9-11 4-7 3 major ridges? 
7 Dead piece 
8 3 
9 7-12 12 38-44 minor lines 
10 5 One side only 
11 8 
Day 21 
10 : 30 
Many c olonie s could no t be s t udied: no marks were left on some, and 












6 major ridges 
Lines seem double 
7 major ridges 
NOTE: Although all the counts were made without knowing the origin of the specimens, 
when I looked back later at the specimens from 10 m knowing the number of days of 
recovery , I was always able to show on the picture major lines corresponding to the 
exact number of recovery days (plus or minus 1 line). 
Colonies from 2-4 m: 10 colonies were tagged and filed on October 6' 1983 at 9: 3 0. 
Time of Colony: Depth: # growth lines: Observations: 
recovery: ( m) SEM: LM: 
Day 12 1 3. 5 20-22 5-6 major lines 
2 2.5 
3 1. 7 23-32 6 major lines 
4 4.7 9-10 3? major lines 
5 2.0 
6 1. 7 
7 2.0 
8 1. 7 
9 2.0 
10 3.0 
Colonies from 16 m: 10 colonies were tagged and filed on October 5, 1983 at 10:00. 
Time of Colony: Depth: # growth lines: Observations: 
recovery: ( m) SEM: LM: 
Day 12 1 16.0 
2 16.5 











Colonies from 32 rn: 10 colonies were tagged and filed on October 21, 1983 at 10:00. 
Time of Colony: Depth: # growth lines: Observations: 
recovery: ( m) SEM: LM: 
Day 12 1 32.9 
2 31. 0 
3 32.6 16-19 3-6 major 1 in es 
4 32.9 
5 31. 4 7-22 3-6 major 1 in es 
6 32.9 
7 32.0 
8 31. 4 20-21 4-5 major lines 
9 33.5 
10 32.0 6-10 4-6 major lines 
APPENDIX 3 
NUMBER OF GROWTH LINES ON M. annular i s AT DI FF ERENT DEPTHS 
The spec imens were arranged b y depth class e s f ollowing a geometric progression: 
g roup 1 : 4.5-6.5 ( m) 
g roup 2 : 6.6-10 ( m) 
group 3 : 10.5-18 (m) 
group 4 : 18.5-34 ( m) 
group 5 : 34.5-63 (m) 
* * Spec i men Depth Growth Solid Dashed Dotted Solid + Total Adjusted Adjuste d 
I-' 
I. D. ( m) time lines lines lines dashed lines solid + total N 
\..0 (days) lines dashed 1. line s 
I I I-1Bl6 4. 5 125 92 9 62 101 163 100.2 161.7 
I I I - 36 6. 0 128 100 37 19 137 156 132.7 151. 1 
I I I- 33 6.0 128 75 14 123 89 212 86.2 205.4 
III - 2C2 8 6. 0 128 88 35 55 123 178 119.2 172.4 
I II -40 6. 5 125 108 62 67 170 237 168.6 235.l 
II I- 53 B 8. 5 131 87 12 18 99 117 93.7 110.7 
I II -OA7 9. 5 131 9 8 36 75 134 209 126.8 197.8 
III -46 9. 5 130 125 46 40 171 211 16 3 . 1 201 . 3 
III - Cl4 B 9. 5 130 114 18 69 132 201 125.9 191. 7 
III -0A8 9. 7 131 98 42 28 140 168 132.5 159.0 
* see n e xt pa g e . 
III-3A5 14.5 120 76 16 30 92 122 95.1 126.1 
II I -3Bl9 14.5 120 64 23 46 87 133 89.9 137.4 
I II-3C26 14.5 117 78 15 72 93 165 98.6 174.9 
I II-3Al 15.2 120 65 19 68 84 152 86.8 157.1 
III-3A9 15.2 120 79 26 27 105 132 108.5 136.4 
III-3Al0 15.2 120 65 29 19 94 113 97.1 116. 8 
III-3Bll 15.2 120 74 19 52 93 145 96.1 149.8 
III-3Bl6 15.2 120 97 33 19 130 149 134.3 154.0 
III-4C30 32.5 121 86 18 5 104 109 106.6 111. 7 
III-4Bl2 33.5 121 76 12 9 88 97 90.2 99.4 
III-4Bl3 33.5 121 70 18 23 88 111 90.2 113.8 
III-5C24B 48 123 89 17 23 106 129 106.9 130.0 
III-5C26A 49 124 52 9 2 61 63 61. 0 63.0 
III-5A8 50 125 102 42 8 144 152 142.8 150.8 
III-SAS 51 125 85 43 44 128 172 127.0 170.6 
III-SB18 55 123 77 14 28 91 119 91. 7 120.0 
III-5C22 55.5 125 74 11 20 85 105 84.3 104.2 
* The adjusted values have been computed by converting the raw values as for Notes: 
a mean growth time of 124 days. 
Three specimens (III-40, III-53 and III-5C26A) were removed from the data 1 ist 
for part of the analysis because while I was drawing their lines (at the time I 
did not know their origin) I noticed that some lines were very fine and close 
together, and because they looked different from the other ones I did not record 
them and left a note (their real value might be quite higher if all those fine 




MEAN NUMBER OF LINES AND STANDARD DEVIATIONS FOR EACH DEPTH CLASS 
Total number of lines adjusted to 124 days of growth 
(All Specimens) (n= 2 7) (Reliable Specimens) (n= 2 4) 
185.1 + 34.6 group 1 172.6 + 23.5 --
172.1 + 38.2 group 2 187.5 + 19.4 - -
144.1 + 18.6 group 3 144.1 + 18.6 - -
108.3 + 7.8 group 4 108.3 + 7.8 - -
123.1 + 37.6 group 5 135.1 + 26.1 - -
Number of solid + dashed lines, adjusted to 124 days of growth 
(All Specimens) (n= 27) (Reliable Specimens) (n= 24) 
121. 4 + 31. 8 group 1 109.6 + 20.5 - -
128.4 + 24.7 group 2 137.1 + 17.6 - -
100.8 + 15.0 group 3 100.8 + 15.0 - -
95.7 + 9.5 group 4 95.7 + 9. 5 - -





ANALYSES ON GROWTH LINE NUMBER VERSUS DEPTH OF GROWTH USING 
ALL SPECIMENS (M. annularis) 
TABLE 4.1 
Correlation coefficients between the number of growth lines 
and the depth of growth, the square of the depth and the log 
base 10 of depth. 
DEPENDENT VARIABLE 
Total number of lines * Number of major lines 
r signif. r signif. 
FACTORS 
Depth -.562 P=.002 -.295 P=.15 (NS) 
Depth 2 -.490 P=.01 -.250 P=. 20 (NS) 
LoglO depth -.624 P=.0005 -.337 P=.09 (NS) 
TABLE 4. 2 
Partial correlation coefficents in a regression for the 
number o f growth 1 ine s by depth of growth and by the square 
of d e pth: 
FACTORS 
De pth 
De pth 2 
*adjusted t o 124 days. 
DEPENDENT VARIABLE 




The numbe r o f growth lines was obtained using all the 
specimens ( n= 27). 
132 
* 
TABLE 4 . 3 
Analysis of v a ri a nce (DUNCAN's test) between the t o tal 
number of growth lines (adjusted to 124 d a ys) and 5 depth 
classes, computed using all the specimens (n= 27). 
Depth class: 1 2 3 5 4 
Mean depth: 5 . 7 9.5 15.0 51. 9 33 . 1 
(m) 
Mean number of 185.1 172.1 144.1 123.l 108 . 3 
growth lines: 
133 
The solid lines join the groups whose mean number of growth 
lines do not differ at the 0.01 level; the dotted lines join 
the groups not different at the 0 . 05 level . 
TABLE 4.4 
Analysis of variance (DUNCAN's test) between the total 
number of growth lines (adjusted to 124 days) and 3 depth 
classes (means= 7.6, 15 and 42.5 m) using all the specimens 
( n= 2 7). 
Depth class: SHAL. INTER. DEEP 
Mean depth: 7.6 15.0 42.5 
(m) 
Mean of all 180.0 144.1 125.1 
growth lines: 
The solid lines join the groups whose mean number of growth 
lines do not differ at the 0.01 level; the dotted line joins 
the groups not different at the 0.05 level. 
APPENDIX 5 
ANALYSIS OF THE NUMBER OF LINES BY 5 LIGHT REGIMES FOR Montastrea cavernosa 
TABLE 5.1 
2-way ANOVA for the total number of major lines by treatments (1 to 5) and by 
colonies in M. cavernosa. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
* RUNS All Fair All Fair 
(n=l6) (n=9) (n=27) (n=l5) 
FACTORS 
Treatments P> .50 P> .75 P= .55 P= .99 
Colonies P> .50 P> .10 P= .15 P= .20 
Interaction P= .25 P= .75 
*The first run (labeled "All") included all specimens except a few sick ones and some 
pictures judged unclear, while the second run (labeled "Fair") used from the first 
group only the pictures ranking at least average on the clearness scale (see 
Appendix 6), and the third run (labeled "Good") only those ranking good or excel lent. 
The sample size of the run Good (left) was too small to be used in the analyses. 
TABLE 5.2 
A) 2-way ANOVA for the total number of major lines by treatments ( 1 to 3) and 
by colonies in M. cavernosa. 
B) 2-way ANOVA for the total number of major lines by colonies with treatments 












MEAN OF REPLICATES 
All Fair 
(n=lO) ( n=7) 
P> .90 P> .75 
P> . 10 P> . 10 
P= .15 
P= .65 
REPLICATES USED SEPARATELY 
All Fair Good 
(n=l8) (n=ll) (n=9) 
P= .88 P= .91 P= .70 
P= .25 P= .30 P= .15 







A) 2-way ANOVA for the total number of major lines by treatments (4 and 5) and by 
colonies in M. cavernosa. 
B) 2-way ANOVA for the total number of major lines by colonies with treatments 
4 and 5 as covariate. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 




Treatments P> .25 P= .20 
Colonies P> . 2 5 P= .15 
Interaction P= .40 
B) 
FACTOR 
Colonies P= .40 P= .10 
COVARIATE 
Treatments P= . 3 0 P= .15 
TABLE 5.4 
2-way ANOVA for the total number of minor lines by treatments (1 to 5) and by colonies 
in M. cavernosa. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
RUNS All Fair All Fair 
(n=l6) (n=9) (n=27) (n=l5) 
FACTORS 
Treatments P> .25 P> .25 P= .45 P= .65 
Colonies P> .50 P> .25 P= .80 P= .70 
Interaction P= .85 P= .80 
TABLE 5.5 
2-way ANOVA for the total number of minor lines by treatments ( 1 to 3) and by colonies 
in M. ca vernosa. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
RUNS All Fair All Fair Good 
(n=lO) (n=7) (n=l8) (n=ll) (n=9) 
FACTORS 
Treatments P> .05 P> .10 P= .38 P= . 41 P= .03 
Colonies P> .10 P> .25 P= .80 P= .70 P= .09 
Interaction P= .90 P= .88 P= .08 
TABLE 5.6 
2-way ANOVA for the total number of minor lines by treatments (4 and 5) and by colonies 
in M. cavernosa. 
MEAN OF REPLICATES REPLICATES USED SEPARATELY 
RUNS All Fair All Fair 
(n=7) (n=lO) 
FACTORS 
Treatments P> .25 P= .75 
Colonies P> . 2 5 P= .50 
Interaction P= • 70 
APPENDIX 6 
GROWTH LINES PARAMETERS FOR DIFFERENT LIGHT REGIMES 
Legend: 
The specimens I.D. number include the locality (IV for Puerto Rico), the treatment 
(third digit), the species (A= M. annularis, C= M. cavernosa, P= P. astreoides, 
T= T. aurea), the colony (last 2digits-)-and-the replicate(other mark frorrithe-same 
specimen). 
The pictures numbers refer to random numbers used to process the specimens, to take the 
SEM pictures and to count the lines. 
RF= reef of collection: A= Cayo Enrique, B= Media Luna, C= San Cristobal, D= Aguadilla. 
DP= depth of growth at the collection site (in meters). 
FL= number of minor lines counted straight from the SEM prints (and not drawn). 
Ml= number of major lines counted straight from the SEM prints. 
M2= number of questionable (indistinct) major lines counted straight from the SEM 
pictures. 
RE= ranking of the pictures according to the relief of the major lines (1-24: high; 
25-83: medium; 84-170: low; 171-186: very low). 
CL= ranking of pictures according to distinctiveness (clearness) of the major lines 
(1-33: excellent; 34-52: good; 53-109: average; 110-170: poor; 171-186: unclear). 
Dl= number of major lines recorded on tracing paper. 
D2= number of questionable major lines recorded on tracing paper. 
TD= total number of major lines recorded on tracing paper (Dl + D2). 
VA= validity of the observations (0= normal picture; l= some doubt about the number of 
major lines: ~l; 2= doubt ~2 major lines; 3= parts of the picture fuzzy; 4= colony 
"looked" sick; 5= sick specimen; 6= half colony sick; 7= decreased light level in 
tank; 8= picture unsuited for observation of the major lines). 
GROWTH= linear growth. It was measured straight from the specimens and recorded in mm. 
SPECIMENS PICTURES RF DP FL Ml M2 RE CL Dl D2 TD VA GROWTH 
(mm) 
IV-lA-01 AU-4-33-35 A 7 147 23 0 45 51 14 2 16 0 1. 49 
IV-lA-OlB AU-2-5-10 A 7 138 21 0 104 78 15 3 18 0 1. 46 
IV-lA-02 AU-12-35-37 A 6 186 25 0 87 144 17 13 30 0 1. 80 
IV-1A-02B AU-1-3-24 A 6 83 15 0 146 86 14 1 15 0 .95 
IV-lA-03 AU-14-12-20 B 6 233 16 3 85 61 11 5 16 0 2.17 
IV-1A-03B AU-20-2-8 B 6 187 20 2 88 70 14 4 18 0 1. 74 
IV-lA-04 AU-14-3-11 B 6 256 20 0 80 138 19 7 26 0 2.05 
IV-1A-04B AU-3-15-21 B 6 100 27 0 102 31 23 7 30 0 1. 88 
IV-lA-05 AU-14-34-40 B 5 160 18 1 77 69 21 1 22 0 1. 71 
IV-1A-05B AU-2-11-18 B 5 155 26 3 151 106 17 5 22 0 1. 87 
IV-lA-06 AU-14-27-33 B 6. 5 158 15 0 79 76 16 4 20 0 1. 43 
IV-lA-07 AU-14-21-26 B 6.5 172 24 0 159 147 15 6 21 0 1. 29 
IV-1A-07B AU-19-31-39 B 6.5 317 26 2 10 13 24 2 26 0 2.12 
IV-lA-08 AU-13-32-39 B 7. 5 232 26 3 138 87 23 2 25 0 2.30 
IV-1A-08B AU-2-19-26 B 7. 5 11 7 17 0 71 116 13 1 14 0 1. 53 
IV-lA-09 AU-10-12-20 B 7. 5 241 28 0 29 52 21 9 30 0 2.13 
IV-1A-09B AU-2-36-38 B 7.5 274 18 0 46 30 27 6 33 0 2.04 
IV-lA-10 AU-21-1-5 B 8.2 129 27 0 95 55 19 4 23 0 .78 
IV-lA-11 AU-9-39-41 B 7 210 18 0 9 5 17 2 19 0 1. 36 
IV-lA-llB AU-19-23-30 B 7 175 25 2 18 9 20 8 28 0 1. 60 
IV-lA-12 AU-8-39 B 6.5 239 24 0 135 158 11 7 18 0 1. 41 
IV-1A-12B AU-3-9-14 B 6. 5 92 20 2 39 66 9 3 12 0 1. 26 
IV-lA-13 AU-9-18-26 B 8. 2 196 23 2 133 102 14 4 18 0 1. 89 
IV-1A-13B AU-2-27-35 B 8.2 114 12 0 157 161 12 6 18 1 1. 25 
IV-lA-14 AU-9-13-17 c 10 168 9 0 165 168 5 3 8 2 1. 27 




IV-lC-02 AU-9-11-12 B 7 59 8 0 178 141 2 4 6 0 .40 
I V-1C-02B AU-18-20 B 7 110 10 2 115 25 10 2 12 0 .56 
I V-lC-03 AU-2-1-4 B 9 49 9 0 180 153 10 2 12 1 .20 
IV-1C-03B AU-18-30-32 B 9 95 17 0 123 111 15 3 18 0 . 4 5 
IV-lC-05 AU-9-2-4 c 10.5 42 9 2 124 94 9 1 10 0 . 2 4 
IV-1C-05B AU-18-33-36 c 10. 5 176 18 7 127 29 22 5 27 0 .60 
IV-lP-01 AU-10-6-11 B 6 104 13 0 33 110 13 2 15 0 1. 24 
IV-lP-OlB AU-18-26-29 B 6 62 11 0 49 60 8 3 11 0 . 8 3 
IV-lP-02 AU-8-26-32 c 10 115 15 1 23 10 12 0 12 4 1. 30 
IV-1P-02B AU-31-10-13 c 10 56 15 0 38 173 5 5 10 4 . 81 
IV-lT-01 AU-9-27-29 D 1 13 5 1 158 62 3 3 6 0 .32 
IV-lT-OlB AU-19-12-13 D 1 11 7 1 126 58 5 2 7 0 .10 
IV-2A-01 AU-4-15-22 A 7 87 27 0 103 74 14 1 15 0 1. 21 
IV-2A-01B AU-25-8-14 A 7 177 22 0 51 115 14 2 16 0 1. 43 
IV-2A-02 AU-4-27 A 6 62 18 0 62 112 14 2 16 0 2.18 
IV-2A-02B AU-29-30-36 A 6 115 23 0 24 11 11 4 15 0 1. 00 
IV-2A-03 AU-25-33-39 A 6 253 34 0 32 54 17 3 20 0 1. 43 
IV-2A-03B AU-24-1-4 A 6 123 23 0 147 135 15 5 20 0 1. 01 
IV-2A-04 AU-26-2-6 A 6 120 23 0 63 123 10 7 17 0 . 81 
IV-2A-04B AU-25-15-21 A 6 183 28 0 98 82 14 16 30 0 1. 25 
IV-2A-05 AU-25-25-32 A 5 222 27 0 11 19 12 8 20 0 1. 55 
IV-2A-05B AU-8-33-38 A 5 136 16 2 70 104 16 2 18 0 1. 83 
IV-2A-06 AU-25-22-24 B 6.5 59 16 0 120 15 7 5 4 9 0 .63 
IV-2A-07 AU-26-7-16 B 6. 5 274 30 0 42 67 20 3 23 0 2.13 
IV-2A-07B AU-20-22-28 B 6. 5 250 27 5 94 97 20 6 26 2 2.02 
IV-2A-08 AU-26-28-34 B 7. 5 104 14 1 129 126 12 2 14 0 1. 27 
IV-2A-08B AU-20-29-33 B 7. 5 144 13 4 152 105 11 6 17 0 1. 27 
IV-2A-09 AU-26-38 B 7. 5 239 42 0 144 99 24 15 39 0 2.41 




IV-2A-10 AU-27-18-26 B 8.2 174 32 0 47 46 27 1 28 0 1. 93 
IV-2A-10B AU-20-9-14 B 8.2 169 24 2 68 134 14 4 18 1 1.13 
IV-2A-ll AU-26-35-37 B 7 51 14 0 1 74 108 11 3 14 0 .70 
IV-2A-11B AU-21-12-15 B 7 102 18 0 76 171 10 1 11 1 1. 4 7 
IV-2A-12 AU-26-17-22 B 6.5 119 17 0 134 95 13 1 14 0 1. 33 
IV-2A-12B AU-20-15-21 B 6. 5 112 15 0 78 124 8 6 14 0 1. 59 
IV-2A-13 AU-27-13-17 B 8.2 138 14 0 137 160 4 4 8 1 1. 36 
IV-2A-13B AU-21-6-11 B 8.2 202 29 0 21 44 16 5 21 0 1. 08 
IV-2A-14 AU-26-23-27 c 10 55 12 2 117 163 9 2 11 0 .52 
IV-2A-14B AU-20-34-39 c 10 63 13 5 16 32 10 0 10 0 1.12 
IV-2C-01 AU-3-22-24 B 7 35 5 2 105 151 4 2 6 4 .28 
IV-2C-02 AU-4-3-7 B 7 70 13 1 50 36 14 1 15 0 1. 08 
IV-2C-02B AU-18-21-25 B 7 92 16 1 17 28 15 2 17 0 .47 
IV-2C-03 AU-7-11-15 B 9 81 15 0 1 1 15 1 16 6 .94 
IV-2C-03B AU-31-6-9 B 9 9 5 0 1 71 93 4 1 5 6 .42 
IV-2C-04 AU-13-26-28 B 6 61 10 0 19 121 7 2 9 0 .34 
IV-2C-04B AU-31-5 B 6 17 000 000 186 187 000 000 000 8 1.13 
IV-2C-05 AU-7-27-31 c 10.5 51 15 0 6 8 17 4 21 0 1. 3 7 
IV-2C-05B AU-30-18-22 c 10.5 58 12 0 4 2 11 1 12 0 . 8 9 
IV-2P-01 AU-3-25-28 B 6 43 6 0 54 140 8 3 11 0 . 91 
IV-2P-01B AU-30-33-35 B 6 37 11 0 173 177 6 1 7 0 .60 
IV-2P-01C AU-30-36-39 B 6 146 20 0 81 143 13 3 16 1 1. 63 
IV-2P-04 AU-3-32-33 c 9 19 5 0 177 180 4 2 6 0 .36 
IV-2T-01 AU-4-8-9 D 1 16 000 000 184 185 3 2 5 8 . 31 
IV-2T-02 AU-3-29-31 D 1 21 10 0 122 38 6 2 8 0 . 31 
IV-2T-02B AU-30-23-27 D 1 41 14 0 139 154 4 1 5 0 .52 
IV-2T-03 AU-3-34-35 D 1 21 6 1 110 59 4 2 6 0 .26 




IV-3A-01 AU-11 - 33-38 A 7 153 16 0 3 3 8 3 11 0 1.24 
IV-3A-01B AU-21-28-34 A 7 134 15 0 55 122 11 4 15 0 .46 
IV-3A-02 AU-12-9 - 16 A 6 138 12 4 67 53 14 3 17 0 1. 74 
IV-3A-02B AU-21- 16-2 3 A 6 144 12 0 30 20 12 7 19 0 1. 68 
IV-3A-03 AU-15-24-34 B 6 194 21 1 8 7 18 6 24 0 2.37 
IV-3A-0 3B AU-21-35-40 B 6 281 19 0 26 43 15 6 21 0 2.17 
IV-3A-04 AU-13-8-14 B 6 166 19 0 56 50 16 1 17 0 2.49 
IV-3A-05 AU-13-15-19 B 5 106 12 0 13 14 14 6 20 0 .92 
IV-3A-05B AU-22-14-17 B 5 113 13 0 59 37 15 1 16 0 1. 21 
IV-3A-05C AU-21-24-27 B 5 108 16 0 153 130 9 4 13 0 .86 
IV-3A-06B AU-22-34-39 B 6.5 89 9 6 140 42 13 3 16 0 1. 92 
IV-3A-07 AU-11-18-27 B 6.5 190 18 0 40 57 16 4 20 0 1. 69 
IV-3A-07B AU-23-6-13 B 6.5 247 33 0 83 129 13 3 16 0 1. 66 
IV-3A-08 AU-10-31-37 B 7.5 183 18 0 31 64 12 6 18 0 1. 94 
IV-3A-08B AU-22-25-33 B 7.5 217 14 0 34 65 17 3 20 0 1. 85 
IV-3A-09 AU-12-1-8 B 7.5 98 20 0 43 16 16 4 21 0 1. 78 
IV-3A-09B AU-23-2-5 B 7.5 74 9 1 57 48 9 2 11 0 .96 
IV-3A-10 AU-11-9-17 B 8.2 171 23 2 37 18 18 2 20 0 2.06 
IV-3A-10B AU-23-14-22 B 8.2 193 21 0 82 88 19 2 21 0 2.42 
IV-3A-ll AU-11-28-32 B 7 88 13 0 84 79 12 5 17 0 .85 
IV-3A-11B AU-16-26-35 B 7 70 18 0 75 1 72 10 1 11 1 1. 05 
IV-3A-12 AU-10-21-30 B 6. 5 189 17 0 41 114 10 6 16 0 2.00 
IV-3A-12B AU-17-12-19 B 6.5 201 31 1 52 56 14 2 16 0 2.39 
IV-3A-13 AU-10-38-39 B 8.2 188 23 0 53 68 12 8 20 0 2.31 
IV-3A-13B AU-17-1-5 B 8.2 140 22 1 99 96 13 2 15 0 1. 3 7 
IV-3A-14 AU-12-17-22 c 10 105 13 0 61 159 7 5 12 0 .82 
IV-3A-14B AU-17-20-23 c 10 106 14 0 44 83 9 2 11 0 .49 
IV-3A-14C AU-16-36-39 c 10 107 14 0 64 175 13 2 15 1 1.13 
IV-3C-02 AU-17-6-11 B 7 112 11 0 2 4 8 2 10 0 1. 00 
IV-3C-04 AU-17-29-31 B 6 68 7 0 20 34 6 2 8 0 .61 
IV-3C-05 AU-17-24-28 c 10.5 105 28 0 128 84 18 1 19 0 .95 
I V-3C-05B AU-22-9-13 c 10.5 146 19 8 97 22 19 9 28 0 .80 
IV-3P-01 AU-12-23-30 B 6 138 21 0 15 17 8 1 9 0 .98 
IV-3P-04 AU-13-29-31 c 9 59 11 1 131 26 6 4 10 0 .46 
IV-3T-01 AU-12-31-34 D 1 25 8 1 74 41 7 6 13 0 . 53 
IV-3T-01B AU-22-5-8 D 1 57 11 0 5 6 6 2 8 0 .50 
IV-4A-01 AU-5-5-11 A 7 147 20 2 65 35 17 2 19 0 1. 9 2 . 
IV-4A-01B AU-22-18-24 A 7 195 11 4 107 75 13 5 18 0 1. 63 
IV-4A-02 AU-6-26-31 A 6 150 16 2 96 72 16 3 19 0 1. 60 
IV-4A-02B AU-24-18-24 A 6 142 21 1 121 145 9 6 15 0 1. 07 
IV-4A-03 AU-6-13-22 B 6 160 9 0 156 155 9 1 10 0 1. 97 
IV-4A-03B AU-24-6-12 B 6 126 23 0 114 165 11 7 18 0 1. 78 
IV-4A-04B AU-24-34-38 B 6 190 11 2 167 179 6 4 10 4 2.15 
IV-4A-05 AU-15-35-41 B 5 219 23 0 108 131 13 13 26 1 1. 83 
IV-4A-05B AU-23-30-39 B 5 280 16 15 130 125 15 15 30 1 1. 98 
IV-4A-06 AU-5-28-37 B 6.5 382 28 4 162 149 9 8 17 1 2 . 32 
IV-4A-06B AU-24-13-17 B 6.5 57 30 0 155 152 9 4 13 2 1. 48 
IV-4A-06C AU-25-1-7 B 6.5 60 21 0 132 166 11 4 15 0 1. 87 
IV-4A-07 AU-15-15-23 B 6.5 272 24 0 89 73 10 7 17 0 1. 53 
IV-4A-08 AU-16-2-7 B 7.5 200 23 0 163 120 28 7 35 2 2.17 
IV-4A-08B AU-24-25-33 B 7.5 257 32 0 109 71 18 1 19 0 1. 85 
IV-4A-09 AU-15-3-11 B 7. 5 248 30 2 101 91 20 6 26 7 1. 84 
IV-4A-09B AU-30-4-10 B 7.5 257 32 0 148 101 17 3 20 7 1. 72 
IV-4A-10 AU-6-5-12 B 8.2 249 23 0 69 45 21 6 27 4 1. 89 
IV-4A-10B AU-29-37-38 B 8.2 61 18 0 136 100 8 2 10 4 1. 08 
IV-4A-ll AU-4-23-26 B 7 131 12 0 149 98 10 0 10 7 .77 




IV-4A- 12 AU-4-10-14 B 6.5 151 28 0 28 118 10 3 13 0 1. 67 
IV-4A-12B AU-27-27-33 B 6.5 81 10 1 25 27 8 1 9 0 1. 38 
IV-4A-13 AU-7-6- 10 B 8.2 155 17 000 36 137 10 3 13 7 2.10 
IV-4A-13B AU-28-3-8 B 8.2 146 14 3 142 139 7 6 13 7 1. 06 
IV-4C-01 AU-16-10-11 B 7 000 000 000 185 186 0 5 5 8 .57 
IV-4C-0 1B AU-19-14-16 B 7 34 6 000 181 181 6 1 7 8 .24 
IV-4C-02 AU-16-12-15 B 7 80 20 1 125 24 18 3 21 4 . 51 
IV-4C-03B AU-19-7-11 B 9 65 20 2 154 117 9 10 19 5 .95 
IV-4C-05 AU-16-21-25 c 10.5 93 17 1 116 23 18 3 21 7 .79 
IV-4C-05B AU-18-37-38 c 10.5 85 19 3 112 89 20 1 21 7 .66 
IV-4P-02 AU-16-16-20 c 10 61 12 0 150 184 4 3 7 3 .56 
IV-4P-02B AU-19-4-6 c 10 57 32 0 175 167 6 1 7 2 .69 
IV-4T-01 AU-5-26-27 D 1 33 8 0 141 176 4 2 6 0 .34 
IV-4T-01B AU-19-17-22 D 1 23 6 0 73 150 6 2 8 0 .33 
IV-4T-03 AU-5-23-25 D 1 68 13 0 179 182 0 12 12 3 .25 
IV-4T-03B AU-23-23-28 D 1 26 12 0 170 162 7 4 11 1 . 18 
IV-5A-01 AU-8-5-8 A 7 53 18 0 164 107 6 8 14 0 .84 
IV-5A-01B AU-27-34-39 A 7 153 19 0 145 136 10 5 15 0 .92 
IV-5A-02 AU-6-32-35 A 6 134 22 000 22 21 18 5 23 0 1. 97 
IV-5A-02B AU-28-17-24 A 6 204 14 0 7 15 15 2 17 0 1. 65 
IV-5A-03 AU-7-5 B 6 104 9 0 93 92 6 4 10 0 .90 
IV-5A-03B AU-28-25-29 B 6 108 7 6 92 127 13 2 15 0 .87 
IV-5A-04 AU-13-20-25 B 6 253 19 0 86 109 14 5 19 0 1. 78 
IV-5A-04B AU-28-9-16 B 6 226 16 0 91 85 16 2 18 0 1. 61 
IV-5A-05 AU-7-38 B 5 91 13 0 66 77 10 2 12 0 .95 
IV-5A-06 AU-7-16-22 B 6.5 151 20 0 27 81 12 3 15 0 1. 00 
IV-5A-06B AU-29-1-8 B 6. 5 77 8 0 161 1 74 9 1 10 2 .84 




IV-5A- 08 AU-8- 9- 13 B 7.5 81 19 0 48 47 18 5 23 0 1.12 
IV-5A-08B AU-28-30-34 B 7.5 193 13 0 72 132 10 3 13 0 1. 01 
IV-5A-10 AU-8-19-25 B 8.2 176 14 1 12 12 20 2 22 0 1. 41 
IV-5A-10B AU-28 -35- 39 B 8.2 198 12 2 111 40 17 4 21 0 1. 59 
IV-5A-ll AU-5-18-22 B 7 167 19 0 90 133 17 3 20 0 1. 45 
IV-5A- 11B AU-29-9 -13 B 7 90 14 0 58 80 10 4 14 0 .61 
IV-5A-12 AU-7-32-37 B 6.5 140 18 0 176 183 12 2 14 3 1. 32 
IV-5A-12B AU-29-22-29 B 6.5 244 16 0 168 146 14 10 24 0 1. 41 
IV-5A-13 AU-5-12-17 B 8.2 230 17 3 35 49 15 2 17 0 1. 41 
IV-5A-13B AU-29-14-21 B 8.2 116 12 0 100 156 8 3 11 1 1. 06 
IV-5C-01 AU-5-38-40 B 7 92 20 0 118 90 27 10 37 0 .90 
IV-5C-01B AU-17-32-36 B 7 187 30 1 60 103 13 11 24 0 1. 00 
IV-5C-02 AU-15-12-14 B 7 50 11 0 182 170 5 2 7 0 . 21 
IV-5C-04 AU-17-37-39 B 6 95 13 0 14 33 11 1 12 0 .63 
IV-5C-05 AU-6-23-25 c 10.5 75 17 0 113 63 12 6 18 0 .54 
IV-5C-05B AU-18-3-7 c 10.5 96 15 1 183 164 13 1 14 2 1. 06 
IV-5P-01 AU-16-8-9 B 6 16 9 0 1 72 142 4 1 5 0 .52 
IV-5P-01B AU-18-8-13 B 6 33 6 0 160 178 6 1 7 0 .77 
APPENDIX 7 
EXTENSION AND RETRACTION OF THE POLYPS IN RESPONSE TO LIGHT 
Legend: 
TREAT= treatment number(l:8 h light/8 h dark;2: 12 h 
light /12 h dark; 3: 16 h light/16 h dark; 4: constant 
light; 5: constant dim light). 
SPEC= species (A: M. annularis; C: M. cavernosa; P: 
P. astreoides; T: T. aurea). 
COL= colony number. - ~-~ 
OBS= observed polyps behavior (0: open; C: closed). 
EXP= expected polyps behavior (0: open in dark; C: closed in 
light). 
FS= frequencies, using retracted polyps as closed and any 
state of extension as open. 
FR= frequencies, using retracted polyps as closed and fully 
extended polyps as open. 
R= correlation coeff icent (computed for each colony) testing 
the relation between observed and expected behavior 
(could not be calculated for treatments 4-5, 2 factors 
being null). 
TREAT SPEC COL OBS EXP FS FR R 
1 A 1 0 0 0 4 0.5817 
0 c 0 2 
c 0 3 3 
c c 9 9 
1 A 2 0 0 0 3 0.2686 
0 c 0 2 
c 0 4 4 
c c 9 9 
1 A 3 0 0 0 0 0.0000 
0 c 0 0 
c 0 7 7 
c c 11 11 
1 A 4 0 0 2 4 0.1140 
0 c 0 5 
c 0 3 3 
c c 6 6 
1 A 5 0 0 0 0 0.0000 
0 c 0 0 
c 0 7 7 
c c 11 11 
148 
149 
1 A 6 0 0 1 5 -0.1218 
0 c 0 9 
c 0 2 2 
c c 2 2 
1 A 7 0 0 0 2 0.1218 
0 c 0 2 
c 0 5 5 
c c 9 9 
1 A 8 0 0 0 3 0.5606 
0 c 0 0 
c 0 4 4 
c c 11 11 
1 A 9 0 0 0 2 0.0141 
0 c 0 3 
c 0 5 5 
c c 8 8 
1 A 10 0 0 3 7 0.0000 
0 c 5 11 
c 0 0 0 
c c 0 0 
1 A 11 0 0 0 3 0.2686 
0 c 0 2 
c 0 4 4 
c c 9 9 
1 A 12 0 0 0 5 0.1688 
0 c 0 6 
c 0 2 2 
c c 5 5 
1 A 13 0 0 0 3 0.2469 
0 c 0 2 
c 0 4 4 
c c 8 8 
1 A 14 0 0 0 3 0.1324 
0 c 0 3 
c 0 4 4 
c c 7 7 
2 A 1 0 0 0 3 0.5 3 45 
0 c 0 0 
c 0 5 5 
c c 16 16 
2 A 2 0 0 0 5 0.4375 
0 c 1 3 
c 0 3 3 
c c 12 13 
2 A 3 0 0 0 2 0.4264 
0 c 0 0 
c 0 6 6 
c c 16 16 
150 
2 A 4 0 0 0 0 0.0000 
0 c 0 0 
c 0 8 8 
c c 16 16 
2 A 5 0 0 0 0 0.0000 
0 c 0 0 
c 0 8 8 
c c 16 16 
2 A 6 0 0 1 6 0.2957 
0 c 0 7 
c 0 2 2 
c c 9 9 
2 A 7 0 0 0 5 0.2988 
0 c 1 5 
c 0 3 3 
c c 11 11 
2 A 8 0 0 0 1 0.0000 
0 c 0 2 
c 0 7 7 
c c 14 14 
2 A 9 0 0 1 5 0.0598 
0 c 1 9 
c 0 3 3 
c c 7 7 
2 A 10 0 0 4 8 0.2132 
0 c 4 14 
c 0 0 0 
c c 2 2 
2 A 11 0 0 0 1 -0.0791 
0 c 1 3 
c 0 7 7 
c c 13 13 
2 A 12 0 0 2 7 0.8125 
0 c 0 1 
c 0 1 1 
c c 15 15 
2 A 13 0 0 1 1 -0.2041 
0 c 0 5 
c 0 7 7 
c c 11 11 
2 A 14 0 0 0 1 0.2949 
0 c 0 0 
c 0 7 7 
c c 16 16 
3 A 1 0 0 1 2 -0.0989 
0 c 0 5 
c 0 5 5 
c c 8 8 
151 
3 A 2 0 0 0 4 o.2568 
0 c 0 4 
c 0 3 3 
c c 9 9 
3 A 3 0 0 1 1 0.3126 
0 c 0 0 
c 0 6 6 
c c 13 13 
3 A 4 0 0 3 7 0.8112 
0 c 0 2 
c 0 0 0 
c c 11 11 
3 A 5 0 0 0 1 0.3126 
0 c 0 0 
c 0 6 6 
c c 13 13 
3 A 6 0 0 0 5 0.3145 
0 c 0 5 
c 0 2 2 
c c 8 8 
3 A 7 0 0 1 4 -0.1209 
0 c 0 9 
c 0 3 3 
c c 4 4 
3 A 8 0 0 0 2 -0.0229 
0 c 1 4 
c 0 5 5 
c c 9 9 
3 A 9 0 0 1 2 0.2677 
0 c 0 1 
c 0 5 5 
c c 11 11 
3 A 10 0 0 1 6 -0.3126 
0 c 2 13 
c 0 1 1 
c c 0 0 
3 A 11 0 0 1 5 0.6634 
0 c 0 1 
c 0 2 2 
c c 12 12 
3 A 12 0 0 2 6 0.2516 
0 c 0 8 
c 0 1 1 
c c 5 5 
3 A 13 0 0 3 7 0.4564 
0 c 1 7 
c 0 0 0 
c c 5 5 
152 
3 A 14 0 0 0 0 0.0000 
0 c 0 0 
c 0 6 6 
c c 13 13 
4 A 1 0 0 0 0 
0 c 0 5 
c 0 0 0 
c c 19 19 
4 A 2 0 0 0 0 
0 c 0 0 
c 0 0 0 
c c 24 24 
4 A 3 0 0 0 0 
0 c 0 0 
c 0 0 0 
c c 24 24 
4 A 4 0 0 0 0 
0 c 1 16 
c 0 0 0 
c c 8 8 
4 A 5 0 0 0 0 
0 c 0 2 
c 0 0 0 
c c 22 22 
4 A 6 0 0 0 0 
0 c 0 4 
c 0 0 0 
c c 20 20 
4 A 7 0 0 0 0 
0 c 0 13 
c 0 0 0 
c c 11 11 
4 A 8 0 0 0 0 
0 c 0 20 
c 0 0 0 
c c 4 4 
4 A 9 0 0 0 0 
0 c 0 8 
c 0 0 0 
c c 16 16 
4 A 10 0 0 0 0 
0 c 10 24 
c 0 0 0 
c c 0 0 
4 A 11 0 0 0 0 
0 c 0 12 
c 0 0 0 
c c 12 12 
153 
4 A 12 0 0 0 0 
0 c 1 7 
c 0 0 0 
c c 17 17 
4 A 13 0 0 0 0 
0 c 0 6 
c 0 0 0 
c c 17 17 
4 A 14 0 0 0 0 
0 c 0 0 
c 0 0 0 
c c 24 24 
5 A 1 0 0 0 1 
0 c 0 0 
c 0 9 9 
c c 0 0 
5 A 2 0 0 1 3 
0 c 0 0 
c 0 7 7 
c c 0 0 
5 A 3 0 0 0 1 
0 c 0 0 
c 0 9 9 
c c 0 0 
5 A 4 0 0 4 9 
0 c 0 0 
c 0 1 1 
c c 0 0 
5 A 5 0 0 1 4 
0 c 0 0 
c 0 6 6 
c c 0 0 
5 A 6 0 0 1 3 
0 c 0 0 
c 0 7 7 
c c 0 0 
5 A 7 0 0 0 1 
0 c 0 0 
c 0 9 9 
c c 0 0 
5 A 8 0 0 1 4 
0 c 0 0 
c 0 6 6 
c c 0 0 
5 A 9 0 0 0 4 
0 c 0 0 
c 0 6 6 
c c 0 0 
154 
5 A 10 0 0 3 8 
0 c 0 0 
c 0 2 2 
c c 0 0 
5 A 11 0 0 0 2 
0 c 0 0 
c 0 8 8 
c c 0 0 
5 A 12 0 0 0 2 
0 c 0 0 
c 0 8 8 
c c 0 0 
5 A 13 0 0 0 3 
0 c 0 0 
c 0 6 6 
c c 0 0 
5 A 14 0 0 0 1 
0 c 0 0 
c 0 9 9 
c c 0 0 
1 c 1 0 0 1 6 -0.0806 
0 c 5 10 
c 0 1 1 
c c 1 1 
1 c 2 0 0 2 6 -0.0806 
0 c 6 10 
c 0 1 1 
c c 1 1 
1 c 3 0 0 6 6 0.8864 
0 c 0 0 
c 0 1 1 
c c 11 11 
1 c 4 0 0 1 5 -0.4432 
0 c 1 11 
c 0 2 2 
c c 0 0 
1 c 5 0 0 2 5 0.0806 
0 c 1 7 
c 0 2 2 
c c 4 4 
2 c 1 0 0 3 8 0. 5000 
0 c 5 8 
c 0 0 0 
c c 8 8 
155 
2 c 2 0 0 2 8 0.1474 
0 c 8 15 
c 0 0 0 
c c 1 1 
2 c 3 0 0 5 7 0.2593 
0 c 1 10 
c 0 1 1 
c c 6 6 
2 c 4 0 0 2 6 -0.4264 
0 c 10 16 
c 0 2 2 
c c 0 0 
2 c 5 0 0 1 4 0.3241 
0 c 1 3 
c 0 4 4 
c c 13 13 
3 c 1 0 0 3 7 0.3669 
0 c 1 9 
c 0 0 0 
c c 4 4 
3 c 2 0 0 5 7 0.1683 
0 c 10 12 
c 0 0 0 
c c 1 1 
3 c 3 0 0 5 5 0.7868 
0 c 0 0 
c 0 2 2 
c c 13 13 
3 c 4 0 0 5 7 0.2446 
0 c 8 11 
c 0 0 0 
c c 2 2 
3 c 5 0 0 4 5 0.3898 
0 c 0 4 
c 0 2 2 
c c 9 9 
4 c 1 0 0 0 0 
0 c 10 16 
c 0 0 0 
c c 8 8 
4 c 2 0 0 0 0 
0 c 10 24 
c 0 0 0 
c c 0 0 
156 
4 c 3 0 0 0 0 
0 c 2 20 
c 0 0 0 
c c 4 4 
4 c 4 0 0 0 0 
0 c 11 16 
c 0 0 0 
c c 8 8 
4 c 5 0 0 0 0 
0 c 1 10 
c 0 0 0 
c c 14 14 
5 c 1 0 0 2 8 
0 c 0 0 
c 0 2 2 
c c 0 0 
5 c 2 0 0 1 2 
0 c 0 0 
c 0 8 8 
c c 0 0 
5 c 3 0 0 0 0 
0 c 0 0 
c 0 10 10 
c c 0 0 
5 c 4 0 0 0 10 
0 c 0 0 
c 0 0 0 
c c 0 0 
5 c 5 0 0 0 2 
0 c 0 0 
c 0 8 8 
c c 0 0 
1 p 1 0 0 5 6 -0.0806 
0 c 10 10 
c 0 1 1 
c c 1 1 
1 p 2 0 0 6 6 0.2403 
0 c 7 7 
c 0 1 1 
c c 4 4 
1 p 3 0 0 0 0 0.0000 
0 c 0 0 
c 0 7 7 
c c 11 11 
157 
1 p 4 0 0 0 6 0.3223 
0 c 0 6 
c 0 1 1 
c c 5 5 
2 p 1 0 0 4 5 0.0598 
0 c 9 9 
c 0 3 3 
c c 7 7 
2 p 2 0 0 0 6 0.6250 
0 c 0 2 
c 0 2 2 
c c 14 14 
2 p 3 0 0 1 1 -0.0791 
0 c 0 3 
c 0 7 7 
c c 13 13 
2 p 4 0 0 0 6 0.3536 
0 c 3 6 
c 0 2 2 
c c 10 10 
3 p 1 0 0 6 7 0.1683 
0 c 7 12 
c 0 0 0 
c c 1 1 
3 p 2 0 0 0 3 0.3026 
0 c 0 2 
c 0 4 4 
c c 11 11 
3 p 3 0 0 0 3 0.5725 
0 c 0 0 
c 0 4 4 
c c 13 13 
3 p 4 0 0 3 5 0.2094 
0 c 5 6 
c 0 2 2 
c c 6 6 
4 p 1 0 0 0 0 
0 c 0 6 
c 0 0 0 
c c 17 17 
4 p 2 0 0 0 0 
0 c 9 12 
c 0 0 0 
c c 11 11 
158 
4 p 3 0 0 0 0 
0 c 0 6 
c 0 0 0 
c c 17 17 
4 p 4 0 0 0 0 
0 c 0 3 
c 0 0 0 
c c 20 20 
5 p 1 0 0 4 8 
0 c 0 0 
c 0 2 2 
c c 0 0 
5 p 2 0 0 3 9 
0 c 0 0 
c 0 1 1 
c c 0 0 
5 p 4 0 0 4 9 
0 c 0 0 
c 0 1 1 
c c 0 0 
1 T 1 0 0 0 0 -0.1935 
0 c 0 1 
c 0 7 7 
c c 10 10 
1 T 2 0 0 0 0 0.0000 
0 c 0 0 
c 0 7 7 
c c 11 11 
1 T 3 0 0 0 0 0.0000 
0 c 0 0 
c 0 7 7 
c c 11 11 
2 T 1 0 0 0 1 0.2949 
0 c 0 0 
c 0 7 7 
c c 16 16 
2 T 2 0 0 0 2 0.4264 
0 c 0 0 
c 0 6 6 
c c 16 16 
159 
2 T 3 0 0 1 4 0.6325 
0 c 0 0 
c 0 4 4 
c c 16 16 
3 T 1 0 0 0 3 0.4193 
0 c 0 1 
c 0 4 4 
c c 12 12 
3 T 2 0 0 1 1 0. 104 8 
0 c 0 1 
c 0 6 6 
c c 12 12 
3 T 3 0 0 0 0 -0.1683 
0 c 0 1 
c 0 7 7 
c c 12 12 
4 T 1 0 0 0 0 
0 c 0 5 
c 0 0 0 
c c 19 19 
4 T 2 0 0 0 0 
0 c 0 13 
c 0 0 0 
c c 11 11 
4 T 3 0 0 0 0 
0 c 0 3 
c 0 0 0 
c c 21 21 
5 T 1 0 0 0 1 
0 c 0 0 
c 0 9 9 
c c 0 0 
5 T 2 0 0 0 1 
0 c 0 0 
c 0 9 9 
c c 0 0 
5 T 3 0 0 0 2 
0 c 0 0 
c 0 8 8 
c c 0 0 
APPENDIX 8 
ANALYSES OF THE POLYP BEHAVIOR IN RESPONSE TO LIGHT 
TABLE 8.1 
2-way ANOVA for the ratio of the number of times the polyps were observed open (or 
closed) over the total number of observations, tested for the effects of the light 
cycles (treatments 1-3) and the colonies. 
Legend: C= closed, O= open; first letter= observed, second letter= expected. 
FACTORS 
Treatments 




T. a urea 
Colonies 
M. annular is 
M. cavernosa 
P. astreoides 
T. a urea 
DEPENDENT VARIABLE 






P< • 0005 
P< .005 
P> .05 
P> . 50 







P< • 005 
P> . 05 
P> .SO 
TABLE 8.2 
2-sided t-tests testing the randomness of the opening and closing behavior of the 
polyps within a given light treatment (using the corr. coef f. R from Appendix 7) : 
(r= mean of the correlation coefficients; s = r standard error of the corr. coefficents). 
r Sr n t 
TREATMENT 1 
M. annular is 0.168 0.206 14 3.051 P< . 01 
M. cavernosa 0.073 0.494 5 0.330 P> .40 -
P. astreoides 0.391 0.192 4 1.260 P> .20 
T. a urea -0.065 0.112 3 -1.005 P> .40 
r Sr n t 
TREATMENT 2 
M. annularis 0.221 0.277 14 2.985 P< .025 -
M. cavernosa 0.161 0.352 5 1. 023 P> .20 
P. astreoides 0.240 0.314 4 1.529 P> .20 
-
T. a urea 0.451 0.170 3 4.595 P< .05 
r Sr n t 
TREATMENT 3 
M. annularis 0.221 0.309 14 2.676 P< .025 -
M. cavernosa 0.391 0.239 5 3.658 P< .05 
P. astreoides 0.313 0.182 4 3.440 P< .05 




1-sided paired t-tests testing the light treatments 4 and 5 for the ratio of the 
number of times the polyps were observed retracted over the total number of obser-
vations ([CC+CO/OO+OC+CO+CC] from Appendix 7): 
-* d sd n t 
M. annular is 0.056 0.227 14 0.923 P> .10 
M. cavernosa 0.353 0.340 5 2.322 P< .05 
P. astreoides 0.589 0.259 3 3.939 P< .05 
T. a urea 3 
* mean of the differences for treatment 4 - treatment 5 
TABLE 8.4 
2-way ANOVA for the ratio of the number of times the polyps were observed open (or 
closed) in darkness {or in light) over the total number of extended (or retracted), 






















Freq. polyps closed 
CC/(CC+OC) 
P> .50 




P< . 05 
Freq. po lyps open 
00/(00+CO) 
P> . 10 
P> . 1 0 
P> .50 
P> . 50 
P= .01 
P> .25 
P> . 50 
P> . 50 
TABLE 8.5 
One-sided paired t-tests testing the light treatments 4 and 5 for the ratio of the 
number of times the polyps were observed open (or closed) in darkness (or in light) 
over the total number of open (or closed): 
No. OPEN IN DARK/TOTAL No. OPEN: (00/[00+0C]) 
-* d sd n t 
M. annularis -0.138 0.249 14 2.074 P< .05 -
M. cavernosa 0.385 0.355 5 2.425 P< .05 
P. astreoides -0.739 0.067 3 -19.104 P< .005 -
T. a urea 0.0 0.0 3 0.0 
No. CLOSED IN LIGHT/TOTAL No. CLOSED: (CC/ [ CC+CO] ) 
-* d sd n t 
M. annularis 0.917 0.266 14 12.899 P< .005 
M. cavernosa 0.493 0.344 5 3.205 P< .025 
P. astreoides 0.850 0.260 3 5.662 P< .025 
T. a urea 0.333 0.577 3 1. 000 P> .20 
* mean of the differences for treatment 4 - treatment 5 
